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Abstract

Thalassemia is the most common hematologic genetic disease in Thailand. The prevalence of OL-
thalassemia-1, B—thalassemia, and HbE gene in our population is as high as 14%, 3-9%, and 13%
respectively, leading to many births of children with severe thalassemia, including homozygous B—
thalassemia, B-thalassemia/HbE, and Hb Bart's disease. The affected persons of the first two entities
have low quality of life, while Hb Bart’s hydropic fetuses have never survived but are associated with
serious obstetric complications such as pre-eclampsia, dystocia and postpartum hemorrhage. Therefore,
these three entities of the disease need to be controlled, especially by prenatal approach. We have
launched the strategy for prenatal control in our hospital for several years. However, though we have
success with preliminary project, several problems need to be solved. We need to know what the best
strategy is, what is the best screening and diagnostic test for application use in the real practice? The
objectives of this project were to compare various screening tests and diagnostic tests for thalassemia
carriers in term of clinical use and to determine the effectiveness of prenatal strategy in reducing new
cases of severe thalassemia. Additionally, the projects have tried to establish normal reference range of
various ultrasound parameters to for Thai population to help early prenatal diagnosis of the severe forms.
Finally, this project studied on efficacy of various sonomarkers in identification of hemoglobin Bart’s
disease.
Some primary outcomes of this project may be summarized as follows:
®  Based on our multicenter study on effectiveness of the strategy of prenatal control of severe
thalassemia on more than 8000 pregnant women, we have found that the strategy could
prenatally identify affected fetuses with a detection rate and negative predictive value of 100%.
However, false positive was about 75%, consistent with theoretical risk of having affected
fetuses 25%. Overall, we conclude that the strategy are very effective and are able to prenatally
detect all affected fetuses with an acceptable false positive rate.
®  The effectiveness of the simple screening tests for O thalassemia? / B thalassemia1, including
OFT, MCV and MCH is comparable but MCV may be the best due to its convenience and
highest accuracy and may be the test of choice in widely implementation.
® A comparison of the accuracy of various HbE screening tests reveals that CMU-E screen was
the best, giving a sensitivity of 100% with very low false positive rate and this test may be

considered to be the test of choice in widely implementation in area of high prevalence.



®  Alpha-thal-IC strip test had high sensitivity for QL thalassemia1 gene. All cases with Ol
thalassemia trait would give a positive result. However, it had a rather high false positive rate,
more than 10%. It cannot replace PCR, but it may be an option for a secondary screening test
for QL thalassemial for further testing with PCR.

®  This project studied on several aspects of sonomarkers in detecting fetuses with Ho Bart’s

diseases. Several fetal parameters were thoroughly evaluated both anatomical and Doppler

parameters. Cardiac marker and Doppler velocity of the middle cerebral artery are the best but
other parameter can be used as an adjunct.

This project also developed sonographic reference ranges of various fetal parameters, as a

basic tool in evaluating Thai fetuses, for example liver length, splenic artery peak systolic

velocity, splenic circumference, ductus venous Doppler velocity, etc.

®  Unfortunately, some minor projects could not be successfully done for example a study on fetal
loss related to the invasive prenatal diagnosis. This could not be performed due to small sample

size to gain power of test for study.
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Executive Summary

1. dalasams : nsraunularsdadidleniinguusedneiBieunaan (Prenatal Control of Severe

Thalassemia Syndrome) wiaflularannstiaedssialilil

" Project 1: A comparison of the accuracy of Erythrocyte osmotic fragility test, MCV, and MCH in
screening Ol-thalassemia-1 and B thalassemia carriers (Supatra Sirichotiyakul, et al)

®  Project 2: Comparison of Accuracy of DCIP, KKU-DCIP and HbE screen Test for Screening of
HbE Trait in Pregnant Women (Chanane Wanapirak, et al)

®  Project 3: Accuracy of Ql-Thal IC Strip Test in Diagnosis of Ol-Thalassemial Carrier (Theera
Tongsong, et al)

®  Project 4 (Main Project): Prenatal Control of Severe Thalassemia (Theera Tongsong, et al)

"  Project 5: Differentiating affected and unaffected fetuses in pregnancies at risk of Hb Bart's
disease in the first half of pregnancies (Suchaya Luewan, et al)

®  Project 6: Normal Reference Range of Fetal Parameters Used in Evaluation of Fetal Anemia-
Associated Hb Bart’'s Disease (Fuanglada Tongprasert, et al)

®  Project 7: nteractive Multimedia E-learning: Workshop on Sonographic Diagnosis of Hb Bart’s
disease and Hydrops Fetalis

®  Project 8: Textbook: Prenatal control of severe thalassemia

®  Project 9: Pregnancy outcomes among women complicated with thalassemia syndrome
(Suchaya Luewan et al) (Project iy proposal WfisifinfivnauefisluniBeunsnaesnns3usin
340 FaRldude$lumeauaded 1)
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" Tynedwii 053-946429, 053-945552 N4 053-946112

®  E-mail: ttongson@mail.med.cmu.ac.th
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Abstract

Objective To determine the maternal and fetal outcomes
of women complicated with thalassemia syndrome.

Study design Retrospective descriptive study.

Materials and methods The database of Maternal-Fetal
Medicine unit and medical records, between January 2001
and April 2008, were reviewed to search for pregnant
women complicated with thalassemia syndrome and medi-
cal records were reviewed for patient’s baseline character-
istics and pregnancy outcomes. The inclusion criteria
consisted of (1) pregnant women diagnosed for thalassemia
syndrome by hematologist either during or before preg-
nancy based on hemoglobin typing, (2) attending the ante-
natal care clinic and delivery at Maharaj Nakorn Chiang
Mai hospital, and (3) available data of pregnancy outcomes.
Results  During the study period, 80 pregnant women with
thalassemia syndrome were recruited, including 52 (65%)
cases of HbH disease, 23 (28.8%) cases of beta-thalasse-
mia/HbE disease, 2 cases of AE Bart’s disease, 2 cases of
EF Bart’s disease and 1 case of beta-thalassemia major.
Excluding 2 twin pregnancies and 1 case with beta-thalas-
semia major, 77 were available for analysis of the out-
comes. The mean gestational age (£SD) at delivery was
37.40 (£2.6) weeks, range 27-42 weeks. Twenty-five
(32.5%) had delivery by cesarean section and the remainder
had successful vaginal delivery. Fetal growth restriction
was found in 21 cases (27.3%), 16 (20.8%) had preterm
births and the rate of low birth weight (<2,500 g) was
44.1%. Regard to the type of thalassemia, baseline
hemoglobin levels and mean birth weight of women with
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beta-thal/Hb E was significantly lower than the levels of
those with Hb H disease.

Conclusion This series indicates that, in spite of an
attempt to keep hemoglobin levels above 7.0 g/dl, preg-
nancy with thalassemia is likely to be associated with an
increased rate of fetal growth restriction, preterm birth and
low birth weight.

Keywords Anemia - Pregnancy outcomes - Thalassemia

Introduction

Thalassemia is one of the most common genetic causes of
anemia, especially in South East Asia. In our pregnant pop-
ulation, northern part of Thailand, overall prevalence of
thalassemia trait may be as high as 25.4% which were clas-
sified as follows: alpha-thalassemia-1 (SEA type) trait
6.6%, beta-thalassemia trait 3.7%, hemoglobin (Hb) E trait
11.6%, homozygous HbE 0.8% [1]. However, fertility is
usually compromised in patients with thalassemia syn-
drome; therefore, pregnancy with this disorder is rare. Nev-
ertheless, with medical advances in taking care of these
patients, such pregnancies have been encountered more
often lately.

Pregnant women with thalassemia syndrome usually
suffer from anemia with Hb levels of 7-10 g/dl and variable
degrees of splenomegaly [2, 3]. Consequent hypoxia and
massive tissue iron deposition may lead to concomitant car-
diac, hepatic, and endocrine system failure [4]. The physio-
logic changes during pregnancy will further increase the
severity of anemia in the mother, which could affect preg-
nancy outcome as well as clinical symptoms [5]. These
pregnancies may be associated with a high rate of obstetric
complications, especially intrauterine fetal growth restriction
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and preterm labor, attributed to low hemoglobin levels dur-
ing gestation leading to fetal hypoxia [6, 7].

In Thailand, beta-thalassemia major is unlikely to com-
plicate pregnancy because of its severity and fertility
impairment. The main problems encountered during preg-
nancy are confined to beta-thalassemia/HbE and HbH dis-
ease in most cases. HbE (-26 glutamine — lysine) is the
most common hemoglobin variant in Thailand. HbE trait
may not be of clinical significance, but interaction of HbE
and thalassemia (beta-thalassemia/HbE disease) produces
variable phenotype [8] and this is common hemolytic ane-
mia in Southeast Asia. Manifestations of this disorder
include refractory anemia, splenomegaly and sometimes,
unexplained jaundice.

Hemoglobin H (Hb H) disease is one of the major thalas-
semic diseases, and it predominantly affects Southeast Asia,
the Middle East, Greece, and Cyprus [9]. The loss of three
a-genes results in a severe imbalance in the production of
globin chains, and the beta-globins produced in excess form
Hb H. The clinical manifestations of Hb H disease vary
from minimal symptoms to severe chronic hemolytic ane-
mia.

To date, only few small series focusing on pregnancy
outcomes among the women complicated with thalassemia
syndrome have been reported. Moreover, based on such
series, the effect of the disease on pregnancy outcomes has
been controversial. Some studies demonstrated favorable
outcome with intensive treatment [4, 10, 11], whereas the
others showed marked impact on adverse outcomes [12,
13]. Therefore, a large study on this issue is still required.
The objective of this study was to determine the maternal
and fetal outcomes of women complicated with thalassemia
syndrome.

Materials and methods

This is a retrospective descriptive study based on the data-
base of Maternal-Fetal Medicine unit, Department of
Obstetrics and Gynecology, Chiang Mai University, and
reviewing the medical records of the patients from January
2001 to April 2008. The inclusion criteria consisted of (1)
pregnant women diagnosed for thalassemia syndrome by
hematologist either during or before pregnancy based on
hemoglobin typing, (2) attending the antenatal care clinic
and delivery at Maharaj Nakorn Chiang Mai hospital, and
(3) available data of pregnancy outcomes.

Patients with thalassemia were usually followed up regu-
larly and were screened for hemoglobin/hematocrit, hepati-
tis B and human immunodeficiency virus, liver function
evaluation, and echocardiography. They were taken care at
high risk clinic by both obstetricians and hematologist.
Generally, these patients were managed to maintain their
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Hb levels exceeding 7.0 g/dl. Gestational age was estab-
lished at first visit, either by clinical estimation or ultra-
sound dating. The patients were followed up for fetal
growth, maternal weight gain, blood pressure measurement,
and fetal heart rate documentation. Hb levels are assessed
routinely every 2-3 weeks, and baseline ultrasonographic
evaluation of fetal growth at mid-pregnancy and serial
examinations in case of clinical suspicion for fetal growth
restriction. Definitions of pregnancy outcomes were as fol-
lows: stillbirth, death of fetus in utero after 20 weeks of
gestation, premature birth (preterm), live birth before
37 weeks of gestation, low birth weight, birth weight of less
than 2,500 g, and fetal growth restriction (FGR), birth
weight below the tenth percentile of the normal growth
curve. Fetal surveillance at viable stage was performed as
high risk pregnancies. The maternal records were reviewed
for maternal age, parity, baseline Hb at first visit and at
delivery, number of blood transfusions, Hb electrophoresis
results, history of splenomegaly. In addition, obstetric com-
plications like placenta previa, abruptio placentae, preterm
labor, previous cesarean, and hypertensive disorders of
pregnancy, the mode of delivery, and postpartum complica-
tions such metritis and postpartum hemorrhage were also
reviewed and recorded. The neonatal records were
reviewed for gestational age, birth weight, Apgar scores at
1 and 5 min, fetal growth restriction, congenital anomalies.
The main outcomes of measure included, rate of fetuses
with growth restriction, preterm birth, low birth weight,
Apgar scores and maternal complications such as pre-
eclampsia, postpartum hemorrhage, etc. This study was
conducted with approval of the Research Ethics Committee
3, Faculty of Medicine Chiang Mai University.

Statistical analysis

The data were analyzed using the statistical package for the
social sciences (SPSS). Descriptive data were presented as
percentage, means and standard deviation (SD).

Results

During the study period, 82 pregnant women with thalasse-
mia syndrome were diagnosed; however, 2 cases were
excluded because of no available final outcomes. The
remaining 80 cases included 1 case of thalassemia major
(beta-thalassemia major) and 79 cases of thalassemia inter-
media including 52 cases (65%) of HbH disease, 23 cases
(28.8%) of beta-thalassemia/HbE disease, 2 cases of AE
Bart’s disease and 2 cases of EF Bart’s disease. Seventy-
eight (97.5%) pregnancies were singleton and two were
twin pregnancies. Nine cases had history of splenectomy
before pregnancy. The mean (£SD) maternal age was
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28.23 (£5.9) years, range 18-42 years. Most of them
(63.8%) were nulliparous. Most of them (76.3%) were liv-
ing in Chiang Mai province and the remainder lived in the
surrounding areas, northern part of Thailand. More than
half (56.8%) of the patients had occupation of agriculture
or employee. Nearly 90% attended antenatal care clinic at
least four times.

To assess pregnancy outcomes, three were excluded due
to twin pregnancies and one was beta-thalassemia major.
The remaining 77 of thalassemia intermedia were available
for analysis of the outcomes.

The mean gestational age (£SD) at delivery was 37.40
(£2.6) weeks, range 27-42 weeks. Mean (£SD) hemoglo-
bin levels at first visit was 8.2 (£2.1) g/dl, range 3.8—
12.2 g/dl and mean (£SD) hemoglobin levels at the time of
delivery was 7.2 (£2.9) g/dl, range 3.2-11.2 g/dl. The
mean birth weight (£SD) was 2,527.14 & 591 g, range
490-4,050 g.

Twenty-five (32.5%) had delivery by cesarean section
and the remainder had successful vaginal delivery. Mater-
nal complications during pregnancy are summarized in the
Table 1 and fetal outcomes are presented in Table 2. Nota-
bly, fetal growth restriction was found in 21 cases (27.3%),
16 (20.8%) had preterm births and the rate of low birth
weight (<2,500 g) was 44.1%.

When compared to Hb H disease, women with beta-thal/
Hb E disease had significantly lower baseline hemoglobin
levels (6.99 vs. 8.3 gm/dl, P < 0.05) and needed more num-
ber of blood transfusions (1.69 vs. 0.69 times, P < 0.05).
However, the hemoglobin levels at the time of delivery
were not significantly different. Birth weight of the new-
born of mother with beta-thal/Hb E had a tendency to be
less than that in those with Hb H disease, but not statisti-
cally significant. (Table 3) Likewise, the prevalence of fetal
growth restriction and preterm birth seemed to be higher in
group of beta-thal/Hb E disease, but not reached statistical
significance.

Table 1 Maternal Complications

Complications Number Percent
Medical complications

Diabetes mellitus 5 6.5
Cardiac diseases” 3 39
Asthma 3 39
Obstetric complications

Pregnancy-induced hypertension 6 7.8
Oligohydramnios 4 52
Abruptio placentae 2 2.6
Breech presentation 2 2.6
Placenta previa 2 2.6

% Two cases of asymptomatic VSD and one case of mitral stenosis
functional class I-1I
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Table 2 Fetal outcomes
Complications Number Percent
Low birth weight 34 44.1
Preterm birth 16 20.8
28-36 weeks 15 19.5
20-27 weeks 1 1.3
Fetal growth restriction 21 27.3
Fetal anomalies® 2 2.6
Perinatal death 3 39

@ Cardiac anomalies [1], hypospadias [1]

Table 3 A comparison of hemoglobin levels, number of transfusions
and birth weight between the group of hemoglobin H and beta-thalas-
semia/Hb E

Thalassemia N Mean SD P value
type [# test
(2-tailed)]

Hb at first HbH disease 52 8.301 2.1612  0.013
visit Beta/E disease 23 6.980 1.8654

Hb before HbH disease 52 7.263 2.0581 0.491
delivery  Beta/E disease 23 6.896  2.2675

Number of HbH disease 51 0.69 1.104 0.030
transfusions  Beta/E disease 23 1.39 1.588

Birth Weight  HbH disease 52 2,577.31 589.387 0.230

Beta/E disease 23 2,399.57 579.431
Discussion

To date, though thalassemia syndrome is very prevalent in
our population, little is known about the pregnancy perfor-
mance in patients with this disorder. Based on few small
studies [4, 10, 11], the pregnancy outcomes among these
patients are inconclusive. Most series have suggested that
thalassemia disease has adversely impacted pregnancy out-
comes, whereas some demonstrated favorable obstetrical
and fetal outcomes if close follow-up and intensive treat-
ment are instituted [4, 10, 11, 14].

Thalassemia exhibits a wide clinical spectrum ranging
from mild manifestations to the severe anemia, requiring
regular blood transfusion. The series presented here, one of
the largest studies consisting of 80 patients, indicates that
thalassemia syndrome is likely to be associated with
adverse pregnancies outcomes, especially low birth weight,
intrauterine growth restriction and preterm delivery, though
most patients were managed to keep hemoglobin level
exceeding 7.0 gm/dl. These findings were consistent with
those reported by Nassar and et al. [13] who found that fetal
growth restriction complicating 72% of pregnancies with
thalassemia intermedia.
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Unlike other previous reports on pregnancies with thal-
assemia, this study specifically focuses on beta-thalasse-
mia/HbE disease and HbH disease. However, theoretically,
the effects of these diseases may be similar, since the
adverse impact is likely to be related to severity of anemia
rather than thalassemic type itself.

As expected, the distribution of thalassemia types in this
study included HbH disease (65%) beta-thalassemia/HbE
disease (28.8%) and other types (6.3%). Since beta-thalas-
semia/HbE disease is usually more anemic than HbH dis-
ease and more likely to need blood transfusions, and shorter
life expectancy, there is less frequency in the number of
women become pregnant. As seen in the results, rate of
fetal adverse outcomes among the mothers with beta-thal-
assemia/Hb E disease is worser than that in mothers with
Hb H disease, though some outcomes were not significantly
different, probably due to small sample size. Other type of
thalassemia syndrome is rare during pregnancy.

Transfusion therapy is not currently a routine treatment
approach for patients with thalassemia syndrome. Initiating
regular blood transfusions in such patients remains a hard
decision because of the heterogeneity of the disease.
Patients who would benefit from such a measure include
those with delayed growth, recurrent infections, and hyper-
splenism [2]. The physiologic anemia of pregnancy may be
aggravated in patients with thalassemia syndrome. Also,
the greater demand for hemoglobin for normal growth and
development of the fetus might necessitate initiating trans-
fusion or increasing the number of transfusions in those
already requiring it. Hb levels in patients with thalassemia
syndrome gradually decrease in the first and second trimes-
ters, to increase again in the third trimester [15]. The bene-
fits of frequent transfusion to the mother and infant (i.e.,
prevention of growth restriction) should be weighed against
its negative effects (antibody development). Administration
of erythropoietin in combination with iron and folic acid
has been previously proposed and if proven effective might
be an alternative to blood transfusion in such patients
[16, 17]. Theoretically, pregnancy may aggravate cardiac
decompensation in the patient with anemia-induced cardiac
compromise; however, none of the patients in this study
had cardiac failure secondary to anemia. This may be due
to an attempt to keep hemoglobins level above 7.0 gm/dl
during pregnancy. Nevertheless, this study indicates that
such intervention may not probably effectively prevent
adverse pregnancy outcomes. Notably, all patients in our
study did not receive desferoxamine or iron chelating
agents.

Thalassemia has been associated with an increased inci-
dence of obstetrical complications [12, 13]. Two studies, on
the other hand, that included a total of nine pregnancies in
patients did not report evidence of an increased risk for
ante-, intra-, or post-partum complications [4, 11]. Our
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patients had a high incidence of FGR and fetuses with low
birth weight. Although, the patients in these studies were
managed with the same protocol to maintain hemoglobin
level of greater than 7.0 g/dl, the adverse impact on the
fetuses was still high. This may be due to the fact that sev-
eral women did not attend antenatal clinic in early gestation
and hemoglobin levels were not corrected in early gesta-
tion. Whether strict control of hemoglobin level will result
in better outcomes is yet to be elucidated. Some authors
tried to maintain Hb levels above 10 g/dl since chronic
maternal anemia can lead to a state of hypoxia leading to
fetal growth restriction and preterm birth [11, 18]. How-
ever, since fetal growth restriction complicates more than
half of pregnancies with thalassemia syndrome, the need
for close antenatal follow-up and frequent sonographic
assessment of fetal growth cannot be overemphasized.

Though, many authors demonstrated a higher rate of
cesarean delivery among patients with thalassemia syn-
drome [6, 12, 13], the incidence in our study was not differ-
ent from that in normal pregnant women in our hospital and
we believe that thalassemia is not associated with an
increased risk for cesarean delivery. Some authors indi-
cated that the pregnant women often had spleen enlarge-
ment, bone deformity, and growth retardation resulting in
high occurrence of cephalopelvic disproportion, which
increases the rate of cesarean delivery [4, 6, 11, 19]. How-
ever, average fetal weight is often less than that in normal
pregnancy; therefore, cesarean section due to cephalopelvic
disproportion were not increased in our study, though
cesarean birth due to fetal distress related to fetal growth
restriction may be theoretically somewhat increased.

As already known, women during pregnancy and
postpartum are at a higher risk of thrombosis due to hyper-
coagulable state of pregnancy. Likewise, patients with thal-
assemia also have an increased risk of thrombosis [20-24].
Therefore, these patients may further increase the risks of
thromboembolism. However, none of patients in this study
had such complications, indicating that thrombotic embo-
lism risk may be only minimal for pregnant women in the
East with thalassemia. This may be due to racial factors, as
already known that thrombosis is relatively rare among
eastern population compared to the western. It will be criti-
cal to study the biologic risk factors, thrombosis risk, and
prophylaxis in prospective clinical trials with precise data
regarding phenotype, genotype, and other thrombosis risk
factors.

The weakness of this study is that it was retrospective
descriptive without control; therefore, we could not know
exactly whether the rate of adverse outcomes were differ-
ent from that of the baseline. However, there was a high
rate of fetuses with low birth weight, preterm birth and
growth restriction when compared with that in general
population.
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In conclusion, thalassemia syndrome, including f-thal-
assemia/HbE disease and HbH disease during pregnancy
can present unique management challenges and requires
close maternal and fetal surveillance. In spite of an attempt
to keep hemoglobin levels above 7.0 g/dl, the incidence of
fetal growth restriction and preterm birth has been
relatively high, though maternal complications are rather
not different from general. Care for such pregnancies
should be multidisciplinary, incorporating a maternal—fetal
medicine specialist, a genetic counselor, and a hematolo-
gist. Although our patients did not experience cardiac,
hemodynamic, hepatic, or kidney deterioration during preg-
nancy, these complications can occur, which stresses the
need for careful monitoring throughout pregnancy.
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Objective: To determine the outcomes of pregnancies affected by hemoglobin H (HbH) disease. Methods: A
retrospective cohort study was conducted with 120 women with singleton pregnancies complicated by HbH
disease only. The controls-to-cases ratio was 2:1. Results: Maternal outcomes were similar in the 2 groups. The
incidences of fetal growth restriction (relative risk [RR], 2.4; 95% confidence interval [CI], 1.60-3.50), preterm birth
(RR,1.4; 95% CI,1.03-1.96), and low birth weight (RR, 1.9; 95% CI, 1.46-2.56) were significantly higher in the study
than in the control group. The perinatal mortality rate was slightly higher in the study group. Conclusion: In spite
of attempts to keep hemoglobin levels sufficiently high (>7.0 g/dL), pregnancies with HbH disease were
significantly associated with increased risks of fetal growth restriction, preterm birth, and low birth weight.

© 2008 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Adult hemoglobin (hemoglobin o232, or HbA) consists of two a-
and two R-globin chains, each containing a heme group. The a-globin
gene cluster, 5'-¢-a2-a1-3, is mapped to chromosome 16pter-p13.3. A
person usually has four a-globin genes, and the normal genotype for
diploid cells can be expressed as aa/ao. Four clinical syndromes
resulting from the impaired synthesis of a-globin chains have been
described. For each syndrome, a close correlation has been established
between clinical severity and degree of synthesis impairment. There
are 2 main groups of a-thalassemia determinants, o-thalassemia 1,
which is characterized by the deletion of both loci from one
chromosome (--/a, also known as the Southeast Asian [SEA] type),
and a-thalassemia 2, which is characterized by the loss of a single locus
from one chromosome (-ot/ceat). Among our obstetric population, the
carrier rate for the SEA-type deletion is as high as 6.6% [1].

Patients with HbH disease have only one a-globin gene(--/-av), often
caused by the deletion of the other three a-globin genes. This group of
disorders is sometime known as deletional HbH disease, because HbH
(or 34 hemoglobin) is formed from the excess in 3 chains relative to the
« chains. In Southeast Asia, the deletion of two a-globin genes, plus the
inactivation of the third o-globin gene by a nondeletional mutation
(such as Hb Constant Spring or Quong Sze mutations) are present in
approximately 20% of patients with HbH disease [2]. Besides having
the characteristics of thalassemia, individuals with HbH disease
have moderately severe hemolytic anemia. Although red blood cell
production is less ineffective in HbH disease than in other forms of
thalassemia, HbH is highly unstable, resulting in an increased destruc-
tion of circulating red blood cells [3]. The disease is not always benign,
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especially during the neonatal period, in infancy, and during pregnancy
[4], and it has been associated with hydrops fetalis [5,6]. In addition,
anemia can necessitate transfusions and result in age-dependent iron
overload (not necessarily related to the transfusions), hepatosplenome-
galy, and osteopenia [ 7]. The personal and public health burdens of these
syndromes have been largely overlooked.

None of the few published studies [8,9] on the outcomes of
pregnancies complicated by HbH disease are cohort or case-control
studies. The objective of the present study was to compare the maternal
and fetal outcomes of pregnancies complicated by HbH disease with
those of normal pregnancies.

2. Materials and methods

This retrospective controlled cohort study was conducted from
January 1993 to December 2007. We used the obstetrics database of the
Maternal-Fetal Medicine unit of the Department of Obstetrics and
Gynecology of Chiang Mai University, patients' records, and a database
concerning pregnancies with HbH disease. This particular database has
been prospectively built since 1992 at our Maternal-Fetal Medicine
unit, with new data entered on the day of each patient's discharge. The
inclusion criteria for the study group were the following: (1) HbH
disease diagnosed during or before pregnancy by hemoglobin typing
or DNA analysis; (2) singleton pregnancy, with prenatal care and
delivery at Maharaj Nakorn Chiang Mai hospital; (3) no other medical
or surgical complications during pregnancy; and (4) available data for
pregnancy outcome. The controls were recruited from the general
obstetrics database, and the controls-to-patients ratio was 2:1. The
inclusion criteria for controls were the following: (1) singleton
pregnancy with no medical or surgical complication; (2) prenatal
care and delivery at Maharaj Nakorn Chiang Mai hospital; (3) available
data for pregnancy outcome; and (4) delivery on the same day, and as
close in time as possible to the matched study patient. This study was
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conducted with the approval of the Research Ethics Committee of the
Chiang Mai University Faculty of Medicine.

The pregnant women with HbH disease were usually followed up at
the high-risk clinic by obstetricians and hematologists. They were
screened for hepatitis B, HIV infection, and urinary tract infection; their
hemoglobin concentration and hematocrit were checked regularly;
and they were given echocardiograms as indicated. Generally, these
patients were managed to maintain their hemoglobin levels higher
than 7.0 g/dL.

Gestational age was established at the first visit, either by clinical
estimation or by ultrasound. The patients were followed up for weight
gain, blood pressure, fetal growth, and fetal heart rate. Hemoglobin
levels were assessed every 2 to 3 weeks, and fetal growth was assessed
by ultrasound in mid-pregnancy. Serial assessments were performed
when fetal growth restriction was clinically suspected. Fetal outcomes
of interest were the following: (1) perinatal death, defined as death in
utero after 20 weeks of gestation or within 7 days of birth; (2) preterm
birth, defined as a live birth before 37 weeks of gestation; (3) low birth
weight, defined as a birth weight less than 2500 g; and (4) fetal
growth restriction, defined as a birth weight less than the 10th
percentile of the normal growth curve. In high-risk pregnancies,
surveillance of viable fetuses was performed. Maternal records were
reviewed for age, parity, hemoglobin concentration at the first visit
and at delivery, number of blood transfusions, results of hemoglobin
electrophoresis, history of splenomegaly, obstetric complications such
as pre-eclampsia or postpartum hemorrhage, and mode of delivery.
Neonatal records were reviewed for Apgar scores, fetal growth
restriction, preterm birth, and low birth weight.

The data were analyzed using the SPSS, version 15.0 (SPSS, Chicago,
IL, USA). Descriptive data are presented as number (percentage) or
mean and standard deviation. Outcomes were compared between the
study and control group using analysis of variance, the %> test, or
relative risks, as appropriate.

3. Results

There were 120 women in the study group and 240 in the control
group. Nearly all women resided in the northern part of Thailand,
mostly in Chiang Mai province (70.0% in the study group and 62.9% in
the control group; P=0.18). Age, number of prenatal visits, place of
residency, and parity were not significantly different in the 2 groups
(more than half or the women in each group were nulliparous (56.7% in
the study group and 57.5% in the control group; P=0.88) (Table 1).
However, the percentage of women with a primary education or less
was higher (35.8% vs 22.9%) and the mean hemoglobin level was
significantly lower (8.19 g/dL vs 12.53 g/dL; P<0.001) in the study than
in the control group. Of the 120 women in the study group, 13 (10.8%)
had a prepregnancy history of splenectomy; and whereas only 12 (10%)
had received blood transfusions before pregnancy, 58 (48%) needed
blood transfusions during pregnancy (most received 1-5 transfusions).

Table 1
Baseline characteristics of pregnant women with HbH disease and controls ©
Characteristic Study group Control group P value
(n=120) (n=240)
Maternal age, y 27.82+6.24 27.28+6.09 0.43°
Parity
Nulliparous 68 138 0.88 ¢
Parous 52 102
Hb level, g/dL 8.19+2.21 12.53£2.05 0.000 "
No. of prenatal visits 8.62+3.83 8.67+3.61 091"
Residency in Chiang Mai Province 84 (70.0) 151 (62.9) 0.183 ©
Primary education or less 43 (35.8) 55 (22.9) 0.009 ©

@ Values are given as mean+SD, number, or number (percentage) unless otherwise
indicated.

b By the t test.

¢ By the y test.

Table 2
Pregnancy outcomes in both groups *

Outcome Study group Control group Relative risk

(n=120) (n=240) (95% confidence interval)

Pre-eclampsia 11 (9.2) 11 (4.6) 1.36 (0.89-2.07)
Antepartum hemorrhage 7 (5.8) 6 (2.5) 1.46 (0.81-2.6)
Postpartum hemorrhage 6 (5.0) 2 (0.8) 2.71 (0.81-9.00)
Cesarean delivery 35(29.2) 53 (22.1) 1.27 (0.93-1.74)
Fetal growth restriction 40 (33.3%) 18 (7.5) 2.37 (1.604-3.497)
Preterm birth 29 (24.2) 37 (15.4) 1.42 (1.03-1.96)
Low birth weight 54 (45.0) 53 (22.1) 1.94 (1.46-2.56)
Apgar score <7 at 5 minutes 7 (5.8) 11 (4.6) 1.18 (0.65-2.14)
Perinatal death 5(4.2) 3(1.3) 1.91 (1.1-3.34)
Fetal anomaly ” 6 (5.0) 13 (5.4) 0.97 (0.71-1.33)

@ Values are given as number (percentage) unless otherwise indicated.

b Anomalies included but were not restricted to cystic hygroma, gastroschisis,
ventricular septal defects, ambiguous genitalia, ear abnormalities, digit deformities,
club foot, and cleft lip.

The mean gestational age at birth was slightly less in the study
group than that in the control group, but the difference was significantly
different (37.16+£2.83 weeks vs 37.77+2.45 weeks; P=0.04). The
differences in the rates of maternal complications (which included
pre-eclampsia, antepartum hemorrhage, postpartum hemorrhage,
preterm rupture of membranes, and polyhydramnios), and the differ-
ence in the cesarean delivery rates were not significantly different in the
2 groups (Table 2). And whereas the rates of low Apgar scores (<6) and
of fetal anomalies were not significantly different, the rates of fetal
adverse outcomes (which included preterm birth, low birth weight, and
fetal growth restriction) were significantly higher in the study group
(Table 2). Although there were few perinatal deaths, the perinatal
mortality rate was significantly higher in the study group than that in the
control group.

Because there were more poorly educated women in the study
group, multivariate analysis was performed to identify whether this
factor had a confounding effect. The results showed that only the type
of thalassemia affected fetal outcomes.

4. Discussion

Most of the previous studies on pregnancies complicated by
thalassemia are descriptive studies or cases series without controls,
and most include different types of thalassemia. Because the
available data have been scarce, relations between HbH disease
and pregnancy outcomes have been inconclusive. Ong et al. [8]
reported that HbH disease probably had no adverse effect on
pregnancy, but Tantiweerawong et al. [9] found that HbH disease
may adversely affect maternal and fetal health, causing low birth
weight in particular.

The hemoglobin levels of women with HbH disease are typically
between 8 and 9 gm/dL, but pregnancy can aggravate the severity of
anemia. The mean hemoglobin level was 8.1 g/dL in our study, but the
percentage of patients who needed blood transfusions to maintain their
hemoglobin levels higher than 7.0 g/dL increased markedly during
pregnancy, from 10% to nearly 50% (however, no patient needed
splenectomy). Physiologic changes can worsen the course of HbH disease
during pregnancy in other ways as well. Both anemia and pregnancy
increase the heart load, and can place patients at risk for cardiac
decompensation. However, this serious complication did not occur in our
study, probably owing to interventions such as blood transfusions.

Unlike the small case series published by Ong et al. [8], our
controlled cohort study highlights a link between HbH disease and
adverse pregnancy outcomes. It indicates that HbH disease places
fetuses at significant risk for growth restriction, preterm birth, and
low birth weight, resulting in increased perinatal mortality. Although
we attempted to keep out patients' hemoglobin levels higher
than 7.0 g/dL, adverse fetal outcomes were major problems. This



208 T. Tongsong et al. / International Journal of Gynecology and Obstetrics 104 (2009) 206-208

suggests that blood transfusions may not effectively prevent adverse
fetal outcomes, and that a new guideline for the management of
pregnancies affected with HbH disease is needed.

Common obstetric complications, such pre-eclampsia, antepartum
hemorrhage, and postpartum hemorrhage, were not significantly
associated with HbH disease in our study. Some authors reported a
higher cesarean delivery rate among women with 3-thalassemia, and
suggested the increase to be due to the splenomegaly, pelvic bone
deformity, and abnormal pelvic configuration often found in these
women [10-13]. The cesarean delivery rate was not significant
associated with HbH disease in this study with women who had a-
thalassemia, and the greater number of small fetuses in the study
group may have contributed to a greater chance of vaginal delivery.

Pregnancy may aggravate anemia-related cardiac decompensation,
but none of our patients had cardiac failure secondary to anemia.
Although the constant demand for hemoglobin from developing
fetuses may necessitate initiating maternal transfusions, or increasing
their frequency in women already requiring them, the benefits of
frequent transfusions (eg, the prevention of growth restriction) should
be weighed against their drawbacks (eg, antibody development)—
keeping in mind that it is not known whether a strict control of
hemoglobin levels results in better outcomes. Since chronic maternal
anemia can lead to a state of hypoxia, itself leading to fetal growth
restriction and preterm birth, some authors have tried to maintain
hemoglobin levels higher than 10 g/dL [14]. However, since fetal
growth restriction complicates only about one-third of pregnancies
with HbH disease, serial growth assessment should be recommended
first. It could be suggested that, in this study, some cases of fetal growth
restriction may have been be linked to poor prenatal attendance by
women of low education, or a lack of proper surveillance in late
pregnancy, or a lack of correction of hemoglobin levels in early
pregnancy. However, it is unlikely that lower educational levels were
responsible for fetal growth restriction because the number of prenatal
care visits was not significantly different in the control group, and
because multivariate analysis showed that a poor education had no
significant impact on fetal outcome.

Medications containing erythropoietin or iron-chelating agents are
not known to be safe or effective during pregnancy. To our best
knowledge, such medications should not be used as alternatives to
blood transfusion in pregnant women with HbH disease, and should
be avoided altogether during pregnancy. None of our patients received
any such agents.

Some limitations of this study should be mentioned. Because we
performed blood transfusions in several cases, we could not truly
assess the natural effect of HbH disease on pregnancy. Additionally, we
did not divide patients according to disease subtype. Although nearly
all patients had the deletion type of HbH, some had HbH Constant
Spring, a nondeletion type.

Since both pregnancy and thalassemia are associated with a higher
risk of thrombosis due to a hypercoagulable state [1,15-19], pregnant
women with HbH disease will theoretically be at higher risk for
thromboembolism. None of the patients in this study had this
complication, which may indicate that, in our population, this risk is
only minimal for pregnant women with HbH disease (thrombosis is
known to be relatively rare among eastern populations).

In conclusion, this study indicates that, in spite of an attempt
to keep hemoglobin levels above 7.0 g/dL, pregnancies with HbH
disease were significantly associated with increased risks of fetal
growth restriction, preterm birth, low birth weight, and perinatal
mortality, whereas the numbers of maternal complications were not
significant increased.
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Objective: To assess the outcomes of pregnancies affected by beta-thalassemia/hemoglobin E (3-thal/HbE)
disease. Methods: A retrospective cohort study was conducted with 54 women with singleton pregnancies
complicated by p-thal/HbE disease only. The controls-to-cases ratio was 2:1. Results: Although maternal
outcomes were similar in both groups, gestational age at birth and birth weight were significantly lower in
the study group and the cesarean delivery rate was significantly higher in that group (relative risk [RR], 2.1).
The incidences of fetal growth restriction, preterm birth, and low birth weight were also significantly higher
in the study group, with RRs of 2.8, 2.7, and 5.6, respectively. Conclusion: Pregnancies affected by 3-thal/HbE
disease were significantly associated with an increased risk of fetal growth restriction, preterm birth, and low

© 2008 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.

1. Introduction

One of the most common hemoglobin variants worldwide, hemo-
globin (Hb) E results from a single beta-chain substitution of glutamic
acid for lysine at codon 26. The heterozygous E trait is common in
Southeast Asia and usually asymptomatic. On the other hand, the doubly
heterozygous beta-thalassemia/hemoglobin E (B-thal/HbE) disease is a
major public health problem in Southeast Asia, a common cause of
childhood anemia, and a cause of severe anemia requiring transfusions
during pregnancy. These 2 genetic defects in patients with p-thal/HbE
disease are different mutations of 3-globin genes located on chromosome
11. The clinical manifestations of 3-thal/HbE disease are heterogeneous.
Although many patients have a milder form of the illness, with a virtually
asymptomatic early childhood, the severe end of the spectrum is
characterized by profound anemia necessitating medical attention in the
first year of life, then regular transfusions and sometimes splenectomy.

Expensive and risky treatments such as hypertransfusion, regular
iron chelation, and bone marrow transplantation can be considered for
selected patients, but conventional treatment with regular transfu-
sions and iron chelation is not possible for most patients in low-income
countries. Cure is still limited to the small number of patients who have
undergone bone marrow or stem cell transplantation. The patients are
usually anemic, with hemoglobin levels between 5 and 9 g/dL and at
least some splenomegaly [1,2]. Until recently, women with 3-thal/HbE
disease rarely became pregnant but a more focused medical care has
caused their fertility to increase. The physiologic changes during
pregnancy, however, further heighten the severity of anemia in the
mother, which could affect both clinical symptoms and pregnancy
outcome [3]. Since low maternal hemoglobin levels can lead to fetal

* Corresponding author. Tel.: +66 53 946429.
E-mail address: ttongson@mail.med.cmu.ac.th (T. Tongsong).

hypoxia, pregnancies affected by 3-thal/HbE disease may be associated
with a high rate of obstetric complications, especially fetal growth re-
striction and preterm labor [4,5].

There are some reports on pregnancy outcomes among women
with thalassemia [6-9], but no published studies—whether case series
or cohort study—specifically focusing on pregnancy complicated by
p-thal/HbE disease. The objective of the present study was to com-
pare the maternal and fetal outcomes of pregnancies complicated by
p-thal/HbE disease with those of normal pregnancies.

2. Materials and methods

This retrospective controlled cohort study was conducted at the
Maternal-Fetal Medicine unit of the Department of Obstetrics and
Gynecology of Chiang Mai University using a database concerning
pregnancies affected with 3-thal/HbE disease. This particular database
has been prospectively built since 1992 at our Maternal-Fetal Medicine
unit, with new data entered on the day of each patient's discharge. The
inclusion criteria for the study group were the following: (1) 3-thal/HbE
disease diagnosed during or before pregnancy by hemoglobin typing;
(2) singleton pregnancy, with prenatal care and delivery at Maharaj
Nakorn Chiang Mai hospital; (3) no other medical or surgical
complications during pregnancy; and (4) available data for pregnancy
outcome. The controls were recruited from the general obstetrics
database, and the controls-to-patients ratio was 2:1. The inclusion
criteria for controls were the following: (1) singleton pregnancy with no
medical or surgical complication; (2) prenatal care and delivery at
Maharaj Nakorn Chiang Mai hospital; (3) available data for pregnancy
outcome; and (4) delivery on the same day, and as close in time as
possible to that of the matched study patient. This study was conducted
with the approval of the Research Ethics Committee of the Chiang Mai
University Faculty of Medicine.

0020-7292/$ - see front matter © 2008 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.
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Most of the pregnant women with R-thal/HbE disease were
regularly followed up at the high-risk clinic by obstetricians and
hematologists. They were screened for hepatitis B, HIV infection, and
urinary tract infection; their hemoglobin concentration and hemato-
crit were checked regularly; their liver function was evaluated and they
received echocardiograms. Generally, these patients were managed to
maintain their hemoglobin levels higher than 7.0 g/dL.

Gestational age was established at the first visit, either by clinical
estimation or by ultrasound. The patients were followed up for weight
gain, blood pressure, fetal growth, and fetal heart rate. Hemoglobin
levels were assessed every 2 to 3 weeks, and fetal growth was assessed
by ultrasound in mid-pregnancy. Serial assessments were performed
when fetal growth restriction was clinically suspected. Fetal outcomes
of interest were the following: (1) perinatal death, defined as death in
utero after 20 weeks of gestation or within 7 days of birth; (2) preterm
birth, defined as a live birth before 37 weeks of gestation; (3) low birth
weight, defined as a birth weight less than 2500 g; and (4) fetal
growth restriction, defined as a birth weight less than the 10th per-
centile of the normal growth curve. In high-risk pregnancies, sur-
veillance of viable fetuses was performed. Maternal records were
reviewed for age, parity, hemoglobin concentration at the first visit
and at delivery, number of blood transfusions, results of hemoglobin
electrophoresis, history of splenomegaly, obstetric complications such
as pre-eclampsia or postpartum hemorrhage, and mode of delivery.
Neonatal records were reviewed for Apgar scores, fetal growth
restriction, preterm birth, and low birth weight.

The data were analyzed using SPSS version 15.0 (SPSS, Chicago, IL,
USA). Descriptive data are presented as number (percentage) or mean
and standard deviation. Outcomes were compared between the study
and control group using analysis of variance, the y? test, or relative
risks, as appropriate.

3. Results

There were 54 women in the study group and 108 in the control
group. Nearly all women resided in the northern part of Thailand,
mostly in Chiang Mai province (59.3% in the study group and 63.9% in
the control group; P=0.57). Age, number of prenatal visits, place of
residency, level of education, and parity were not significantly different
in the 2 groups (the percentage of nulliparous women was higher in
the B-thal/HbE group, but the difference was not significant [68.5% vs
58.0%; P=0.21]) (Table 1). However, the mean hemoglobin levels were
significantly lower in the B-thal/HbE group than in the control group
(812 g/dL vs 12.76 g/dL; P<0.001) (Table 1). In the study group, 8
patients had undergone splenectomy before pregnancy. In that group,
19 patients (35%) did not need blood transfusions before pregnancy
but most of them required 1 to 5 transfusions during pregnancy (mean
1SD, 2.40+1.42).

Gestational age differed significantly in the study and control groups
(36.37+2.97 weeks vs 38.15+3.14 weeks; P=0.001). The differences

Table 1
Baseline characteristics of pregnant women with B-thal/HbE disease and controls *
Characteristic Study group Control group P value
(n=54) (n=108)
Maternal age, y 27.09+6.28 26.67+4.43 0.62°
Parity
Nulliparous 37 63 0.21¢
Parous 17 45
Hb level, g/dL 8.13+2.76 12.76+9.35 0.000°
No. of prenatal visits 9.33+3.96 9.88+2.82 0.08"
Residency in Chiang Mai Province 32 (59.3) 69 (3.9) 0.57¢
Primary education or less 22 (40.7) 35 (32.4) 0.30°

¢ Values are given as mean*SD, number, or number (percentage) unless otherwise
indicated.

b By the t test.

¢ By the ¥ test.

Table 2
Pregnancy outcomes in both groups®

Outcome Study group Control group Relative risk

(n=54) (n=108) (95% confidence interval)

Pre-eclampsia 3(5.6) 7 (6.5) 0.95 (0.62-1.45)
Antepartum hemorrhage 3(5.6) 6(5.6) 100 (0.62-1.61)
Postpartum hemorrhage 3 (5.6) 1(0.9) 2.71 (0.49-14.84)
Cesarean delivery 15 (27.8) 10 (9.3)  2.11 (1.39-3.19)
Fetal growth restriction 24 (44.4) 90f99(8.3) 2.81 (1.60-4.95)
Preterm birth 19 (35.2) 8(74)  2.71 (1.86-3.95)
Low birth weight 38 (70.4) 0(9.3) 5.64(3.50-9.09)
Apgar score <7 at 5 minutes 1(14) 4 (3.7) 0.83(0.53-1.30)
Perinatal death 1/53 (1.9) 2/106 (1.9) 100 (0.45-2.24)
Fetal anomaly 2/52 (3.7)° 4 (3.7)° 1.00 (0.56-1.78)

@ Values are given as number (percentage) within the entire group unless otherwise
indicated.

> The anomalies concerned the genitalia (ambiguous) and the ears.

¢ There was 1 case each of anencephaly, cystic hygroma, club foot, and cleft lip.

between the 2 groups in the rates of maternal complications (ie, pre-
eclampsia, antepartum hemorrhage, postpartum hemorrhage, preterm
rupture of membranes, polyhydramnios) and the cesarean delivery rates
were not statistically significant (Table 2). When the numbers of
cesarean deliveries were compared between the 2 groups by indication
(ie, fetal distress, failure of labor to progress, or other), the number in
each group was too low to show a significant difference (P>0.05).

And whereas the rates of low Apgar scores (<6), perinatal mortality,
and fetal anomalies were not significantly different in the 2 groups, the
rates of fetal adverse outcomes (which included preterm birth, low
birth weight, and fetal growth restriction) were significantly higher in
the study group (Table 2).

4. Discussion

To the best our knowledge, this is the first controlled cohort study
of the effects of 3-thal/HbE disease on pregnancy outcomes. Although
there have been several studies on pregnancies complicated by
thalassemia, most were descriptive studies or cases series without
controls and most included patients with mixed types of thalassemia.

The severity of p-thal/HbE disease depends on several factors,
especially gene mutations, and the clinical symptoms of affected
patients can be remarkably diverse. A limitation of this study is that
neither genotype nor mutations were determined. But considering
that patients with severe disease very rarely become pregnant, and
that if they do, they usually need more transfusions than we
administered, it is likely that most of our patients had mild forms of
the disease. Whereas 3-thal/HbE disease is the most common form of
severe thalassemia in our general population, with an incidence as
high as 1% in northern Thailand, only 0.2% of all pregnant women were
affected by p-thal/HbE disease in our study. Transfusion therapy is not
routinely used in patients with the disease at our hospital. Because of
the heterogeneity of the disease, initiating regular blood transfusions
remains a problematic decision. Patients who would benefit from such
a measure include those with recurrent infections, hypersplenism,
and/or signs of delayed growth [1].

Our results highlight B-thal/HbE disease as an indicator for possible
adverse pregnancy outcomes. Unlike Scanlon et al. [10], who report no
association between maternal anemia and small-for-gestational age
fetuses, we found R-thal/HbE disease to be associated with fetal growth
restriction (RR, 2.81; 95% CI, 1.60-4.95) as well as preterm birth and low
birth weight. Although we tried to keep the patients' hemoglobin levels
higher than 7.0 gm/dL, adverse fetal outcomes were the major problems
in our study. This suggests that blood transfusions may not effectively
prevent adverse fetal outcomes, and that a new guideline for the
management of pregnancies affected with p-thal/HbE disease is
needed [11,12]. Moreover, increasing the number of blood transfusions
can be detrimental to patients, especially during pregnancy, a period of
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hypervolemia. Pregnancy may aggravate anemia-related cardiac decom-
pensation, but none our patients had cardiac failure secondary to
anemia. Although the constant demand for hemoglobin from develop-
ing fetuses may necessitate initiating maternal transfusions, or increas-
ing their frequency in women already requiring them, the benefits of
frequent transfusions (eg, the prevention of growth restriction) should
be weighed against their drawbacks (eg, antibody development)—
keeping in mind that it is not known whether a strict control of
hemoglobin levels results in better outcomes. Since chronic maternal
anemia can lead to a state of hypoxia, itself leading to fetal growth
restriction and preterm birth, some authors have tried to maintain
hemoglobin levels higher than 10 g/dL [7,13]. However, since fetal
growth restriction complicates only about one-third of pregnancies with
HbH disease, serial growth assessment should be recommended first.
Additionally, little is known regarding other treatment modalities for
3-thal/HbE disease during pregnancy. Administration of erythro-
poietin in combination with iron and folic acid has been proposed,
and if proven effective, this treatment could become be an alternative
to blood transfusion. The safety of desferoxamine or iron chelating
agents during pregnancy is not known. None of our patients received
any such agents.

It could be suggested that some cases of fetal growth restriction
may be linked to poor prenatal attendance, or a lack of proper
surveillance in late pregnancy, or a lack of correction of hemoglobin
levels in early pregnancy. This is unlikely, however, because the
number of prenatal care visits was not significantly different in the
control group.

Whether B-thal/HbE disease increases maternal problems is still
controversial. Some authors found a relationship between the disease
and an increased incidence of complications before, during, and after
delivery [9], whereas some did not [7,8], and differences in quality of
care during pregnancy may explain the differing reports. Although
anemia places patients at risk for cardiac decompensation, we did not
observe cardiac failure secondary to anemia or an increased incidence
of other common obstetric complications among our patients.

The cesarean delivery rate was significantly higher for patients with
-thal/HbE disease despite a significantly lower birth weight in this
group. The higher rate may be due to an association between fetal
distress and fetal growth restriction, but the number of patients in any
subgroup categorized by indications was too small to show a sig-
nificant difference. On the other hand, the pelvic bone deformity often
seen in these patients may lead to cephalopelvic disproportion and
explain the higher rate of cesarean delivery among them [4,7,8,14].

Since both pregnancy itself and thalassemia are associated with
a higher risk of thrombosis due to hypercoagulable state [15-17],
pregnant women with (3-thal/HbE disease are at higher risk for
thromboembolism, especially in the early post partum. None of the
patients in this study had this complication, which may indicate that,
in our population, this risk is only minimal for pregnant women with

p-thal/HbE disease (thrombosis is known to be relatively rare among
eastern populations). Our findings therefore do not support prophy-
laxis for thromboembolism in pregnancies complicated by 3-thal/HbE
disease in our region.
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Objective. The purpose of this study was to evaluate the role of the splenic artery (SPA) peak systolic
velocity (PSV) in identifying fetuses with hemoglobin (Hb) Bart disease among pregnancies at risk for
the disease. Methods. Pregnancies at risk for fetal Hb Bart disease scheduled for cordocentesis at 18
to 25 weeks’ gestation at Maharaj Nakorn Chiang Mai Hospital were recruited into the study. The SPA
PSV was measured before cordocentesis, and the final fetal diagnosis of Hb Bart disease was based on
fetal Hb typing using high-performance liquid chromatography. Results. Seventy-six singleton preg-
nancies at risk for fetal Hb Bart disease were sonographically evaluated for the SPA PSV and under-
went cordocentesis for fetal blood analysis. Among the 76 recruited pregnancies, 17 fetuses with Hb
Bart disease were finally diagnosed by fetal blood analysis with high-performance liquid chromatogra-
phy, and the remainder had no abnormalities or had the a-thalassemia 1 trait and were defined as
unaffected fetuses. The mean SPA PSVs =+ SD for the unaffected and affected fetuses were significantly
different: 21.17 = 3.7 cm/s (range, 13.8-29.9 cm/s) and 26.12 + 3.6 cm/s (range, 20.4-31.5 cm/s)
respectively. The SPA PSV of the affected fetuses was higher than that of the unaffected ones
(Wilcoxon signed rank test, P < .001). Conclusions. Splenic artery PSV assessment at mid pregnancy
may have a potential role in identifying fetuses with Hb Bart disease. Further studies to evaluate the
effectiveness of the SPA PSV in differentiating affected from unaffected fetuses among pregnancies at
risk are desirable. Key words: Doppler sonography; hemoglobin Bart disease; splenic artery peak sys-
tolic velocity.

Hb, hemoglobin; PSV, peak systolic velocity; SPA, splenic
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been varied. Traditionally, clinicians have relied
on invasive methods to detect fetal anemia either
indirectly by measurement of amniotic fluid
bilirubin levels or more recently by direct mea-
surement of fetal hematocrit levels through cordo-
centesis. Both methods pose a risk to the fetus.
Fetal loss rates associated with amniocentesis
and cordocentesis are 0.5% to 1%>* and 1.4% to
2.7%,*° respectively. As a screening tool, sono-
graphic assessment could prevent these compli-
cations by decreasing the number of invasive
procedures required in the management of fetal
anemia. To be useful, sonographic findings must
reliably detect fetal anemia before the onset of
overt hydrops fetalis. The fetus can compensate
for moderate degrees of anemia by hemodynam-
ic adjustments, but once the Hb deficit exceeds 7
g/dL, the fetal functional reserve is exhausted,
with resulting hydropic changes.®

There is ample evidence showing that fetal
anemia, especially secondary to maternal allo-
immunization, is highly associated with several
alterations in fetal hemodynamics, including the
middle cerebral artery and splenic artery (SPA)
circulation, which could be assessed by Doppler
sonography.”® Theoretically, assessment of the
SPA peak systolic velocity (PSV) may predict or
identify a fetus with Hb Bart disease among
fetuses at risk. Assessments of the SPA PSV in
early studies were shown to be useful in predict-
ing fetal anemia secondary to maternal alloim-
munization.” Likewise, they may also be useful in
differentiating affected fetuses from unaffected
ones among fetuses at risk for Hb Bart disease.
We postulate that the SPA PSV could differentiate
fetuses with Hb Bart disease from unaffected
ones. The objective of this study was to evaluate
the role of the SPA PSV in identifying fetuses with
Hb Bart disease among pregnancies at risk for
the disease.

Materials and Methods

This study was conducted with approval of the
Research Ethical Committee at a tertiary center,
Maharaj Nakorn Chiang Mai Hospital, where
the program of prenatal control for severe tha-
lassemia syndrome has been well established.’
Between July 2006 and March 2008, pregnant
women at risk of having fetuses with Hb Bart

disease and attending the antenatal care clinic
were recruited into the study with written
informed consent. All patients underwent sono-
graphic examinations by the authors, including
SPA PSV assessment before cordocentesis.
Inclusion criteria were as follows: (1) singleton
pregnancies at a gestational age of 18 to 25
weeks, determined by accurate last menstrual
period or fetal sonographic parameters in the
first half of pregnancy, and (2) couples at risk of
having fetuses with Hb Bart disease, both having
carrier status confirmed by polymerase chain
reaction (Southeast Asian deletion type). The
final diagnosis of Hb Bart or non-Hb Bart dis-
ease was based on cordocentesis and fetal blood
analysis using high-performance liquid chro-
matography. Exclusion criteria were as follows:
(1) fetal anomaly or anemia other than hydrops
fetalis secondary to Hb Bart disease and (2) loss
to follow-up or final diagnosis could not be
obtained.

All sonographic examinations were performed
with real-time ultrasound equipment (SSD-
Alpha 10; Aloka Co, Ltd, Tokyo, Japan) and trans-
abdominal 3.5- to 5-MHz curvilinear transducers.
On examination, the pregnant women were in a
semirecumbent position. All measurements were
performed in a period of no fetal breathing and
movement. Measurement of SPA PSV Doppler
waveforms was done as follows: (1) the fetal
abdomen was first imaged in an axial view at the
level of the stomach by means of real-time
sonography with a 3.5- or 5-MHz transducer, as
appropriate, with color and pulsed Doppler
capabilities; (2) color Doppler imaging was used
to localize the SPA as it arose from the celiac axis
and coursed behind the stomach into the splenic
hilum (Figure 1); (3) pulsed Doppler evaluation
was performed with a sample volume of 2 mm, a
pass filter between 0 and 50 Hz, and an angle of
insonation between 0° and 30° from the ultra-
sound beam, with angle correction to obtain the
best waveforms; (4) the sample volume was posi-
tioned along the SPA in close proximity to its ori-
gin from the celiac axis; (5) the PSV and lowest
diastolic velocity were calculated with electronic
calipers; (6) 3 consecutive waveforms were ana-
lyzed, and the results were averaged; (7) mea-
surements were obtained during fetal apnea; and
(8) the above steps were repeated at least 3 times.

J Ultrasound Med 2009; 28:13-18



The main outcome of the measurement was a
comparison of the mean SPA PSV between
affected fetuses and unaffected ones among
fetuses at risk at 18 to 25 weeks’ gestation. The
data were analyzed with SPSS version 15.0 soft-
ware (SPSS Inc, Chicago, IL). Descriptive data
are presented as mean + SD. The comparison
between both groups was analyzed by the
Wilcoxon signed rank test.

Results

During the study period (July 2006 to March
2008), 76 singleton pregnancies at risk for Hb
Bart disease were sonographically evaluated
for the SPA PSV and underwent cordocentesis
for fetal blood analysis at 18 to 25 weeks’ ges-
tation. Of the 76 recruited pregnancies, the
mean maternal age was 30.21 + 5.27 years
(range, 18-44 years), and the mean gestational
age was 20.66 + 1.98 weeks (range, 18-25
weeks). Seventeen fetuses with Hb Bart disease
had a final diagnosis by fetal blood analysis
with high-performance liquid chromatogra-
phy, and the remainder had no abnormalities
or had the a-thalassemia 1 trait, defined as
unaffected fetuses.

The mean SPA PSVs of the unaffected fetuses
and fetuses with Hb Bart disease were 21.17 + 3.7
cm/s (range, 13.8-29.9 cm/s) and 26.12 + 3.6 cm/s
(range, 20.4-31.5 cm/s), respectively, whereas the
median values were 21.1 cm/s (95th percentile,
27.5 cm/s) and 27.2 cm/s (95th percentile, 31.5
cm/s), respectively. The mean SPA PSV of
affected fetuses was higher than that of unaf-
fected ones at all gestational weeks, as shown
in Table 1 and the scatterplot in Figure 2. The
median SPA PSV of all fetuses was 21.95 cm/s
(95th percentile, 30 cm/s), and the difference
in the SPA PSVs between both groups was sig-
nificantly different (Wilcoxon signed rank test,
P <.001).

Of the 17 fetuses with Hb Bart disease, nearly
half of them (8) had some sonographic signs
of early hydrops fetalis: at least 2 areas of fluid
collections such as pleural effusions, ascites, or
subcutaneous edemas. All of these hydropic
fetuses had a high SPA PSV that did not overlap
that of the unaffected fetuses at each gestation-
al week.

J Ultrasound Med 2009; 28:13-18
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Figure 1. Color eFlow image of the SPA (arrowhead) located just behind the
stomach and Doppler waveforms in a fetus with Hb Bart disease.

Discussion

Because the spleen is the organ directly respon-
sible for both red blood cell destruction and pro-
duction, changes in SPA circulation, as assessed
by Doppler velocimetry, are likely to correlate
with the degree of fetal anemia. An increase in
the dimensions of the spleen in severe fetal ane-
mia has also been noted.!° On the basis of previ-
ous reports, there was a significant correlation
between an increasing SPA PSV and the Hb
deficit in fetuses with Rh isoimmunization.”
Therefore, theoretically, the SPA PSV may possi-
bly have a potential role in predicting affected
fetuses among those at risk for Hb Bart disease,
in whom anemia usually develops as early as the
beginning of the second trimester, although
hydropic changes usually occur in the second

Table 1. Comparison of Mean SPA PSV Between Unaffected and
Affected Fetuses by Gestational Age

Gestational Unaffected Fetuses Affected Fetuses
Age, wk n  Mean PSV, cm/s n  Mean PSV, cm/s
18 8 16.48 2 21.65
19 13 19.07 4 22.7
20 9 20.39 2 25.7

21 11 22.44 4 28.78
22 7 23.09 2 27.9
23 5 25.38 1 28

24 3 25.27 1 28.4
25 3 24.87 1 31.3
Total 59 21.17 17 26.12
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Figure 2. Scatterplot for the SPA PSV of unaffected fetuses (circles) and fetuses
with Hb Bart disease (black squares, without hydropic changes; gray squares, with
hydropic changes) at each gestational age.
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half of pregnancies. Fetuses with Hb Bart disease
are associated with a hyperdynamic circulation
and low blood viscosity secondary to anemia,
resulting in an elevated PSV in several vessels, as
we observed in the middle cerebral artery.!' We
postulated that such a hemodynamic change
should also be found in the splenic circulation.
Despite its apparent importance, little research
has been devoted to the spleen.!%!213

The results of this study confirmed our hypoth-
esis. There was a significant correlation between
a high SPA PSV and Hb Bart disease. This finding
is likely to be of clinical importance because
SPA PSV assessment could distinguish affected
fetuses from unaffected ones, although the dif-
ferentiation was not perfect because of some
overlapping values among affected and unaf-
fected fetuses. The SPA PSV seems to be useful in
identifying appropriate candidates for cordo-
centesis. Because fetuses with Hb Bart disease
always have severe anemia, the Doppler index
should be able to distinguish affected from unaf-
fected ones among fetuses at risk for the disease.
The ability to predict severe anemia in fetuses
may possibly be important because unless ane-
mia is identified, the risk may be very low, and
invasive diagnostic procedures can possibly be
obviated, although serial sonography may still be
required.

Notably, the SPA PSV values of most fetuses
with Hb Bart disease in this series, even in cases
with hydropic signs, were in the normal range on
the basis of a nomogram reported by Bahado-
Singh et al” (<1.5 multiples of the median), even
though they were very high when compared with
those of unaffected fetuses in our own series.
This may signify that a cutoff value of 1.5 multi-
ples of the median or a nomogram for a different
population may not be appropriate for use in our
population.

On the basis of this small series, a high SPA
PSV among fetuses at risk for Hb Bart disease at
mid pregnancy is highly suggestive, but not
absolutely diagnostic, of an affected pregnancy,
for which an invasive diagnostic procedure is
strongly indicated. Women scheduled for cor-
docentesis as a prenatal diagnostic technique
for fetal Hb Bart disease may benefit from SPA
PSV assessment. Theoretically, it is possible that
anormal SPA PSV at mid pregnancy is relatively
reassuring and may obviate further invasive
procedures to confirm normality, although fol-
low-up sonography may be required. Because
the main objective of prenatal diagnosis of Hb
Bart disease is reduction of maternal morbidity
rather than prevention of the birth of affected
neonates, serial measurements of the SPA PSV
may be alternative methods for predicting the
disorder, particularly in areas where resources
for prenatal diagnosis are limited. In our popu-
lation, the main prenatal diagnostic technique
is cordocentesis at 18 to 21 weeks, and it is per-
formed only in tertiary centers. It is very impor-
tant for community hospitals to refer only cases
at high risk for Hb Bart disease for invasive pre-
natal diagnostic procedures. Therefore, mea-
surement of the SPA PSV may be an alternative
method for identifying cases for referral or fol-
low-up with serial sonography in these hospi-
tals. With this approach, invasive procedures
can be performed selectively, and fewer fetus-
es will be lost unnecessarily. The reduction in
medical expenses and procedure-related fetal
loss is likely to be substantial. Although a few
affected fetuses may be missed by this approach,
these cases can be suspected or detected later
by serial sonography. Moreover, because the
disease is uniformly lethal, and termination of
pregnancy can be offered any time when the
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diagnosis is made reliably, missing it in a very
small number of cases will not influence the
overall outcome substantially.

Several limitations of this study should be men-
tioned. (1) This was only preliminary experience
including only a small number of cases with
early hydrops fetalis. Several affected fetuses
had already had hydropic changes during
examination. Among these fetuses, the SPA PSV
may be of little clinical value because other
hydropic signs warrant further workup without
the need of SPA PSV measurement. (2) We did
have our own nomogram for the SPA PSV. A
nomogram for Western pregnancies may not
have been appropriate for use in our study. As
seen in the unaffected fetuses in this study, the
SPA PSV was apparently lower than that in
the nomogram of Bahado-Singh et al.” This
may be due to racial factors or gestational age.
Notably, the nomogram of Bahado-Singh et al’
included fetuses after 20 weeks’' gestation,
whereas most fetuses in this study were con-
fined to 20 weeks or less. (3) The sample size
was too small to develop a receiver operating
characteristic curve to determine the appropri-
ate SPA PSV cutoff point for differentiating
affected from unaffected fetuses. (4) We did not
determine the concentration of fetal Hb; there-
fore, we could not correlate the degree of ane-
mia and the SPA PSV. (5) Some bias in this study
might have existed. This was due to the fact that
Doppler evaluation of the SPA was not a blind
method because the examiner knew the mor-
phologic characteristics of the hydropic
changes from conventional sonograms, espe-
cially in the cases in which hydrops fetalis had
already occurred at the time of examination.
Therefore, the diagnosis of Hb Bart disease or a
high SPA PSV could have been anticipated.

We suggest that nomograms for the SPA PSV be
developed for specific populations, especially in
areas where Hb Bart disease is prevalent. Future
studies should focus on fetuses in early pregnan-
cy without hydropic signs to see whether the
SPA PSV can differentiate affected from unaffect-
ed fetuses before sonographic signs of hydrops
fetalis become evident.

In summary, this study suggests that SPA PSV
assessment has a potential role in differentiat-
ing affected from unaffected fetuses among
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those who are at risk for Hb Bart disease, and
this may be a new marker for helping us iden-
tify Hb Bart disease among fetuses at risk
during early gestation and suggesting how
to follow at-risk pregnancies appropriately.
Additionally, in our experience, main SPA PSV
measurements are relatively easy to obtain,
although high-resolution sonography may be
desirable. However, because this study was
very preliminary, further studies are needed to
determine the best cutoff values for differenti-
ating affected from unaffected fetuses and to
test for accuracy in large-scale populations.
Moreover, future studies should focus only on
fetuses at risk during early gestation, when
sonographic signs of hydrops fetalis have not
yet developed, and a nomogram for the SPA
PSV at each gestational week in the first half of
pregnancy should be developed for each spe-
cific population.
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Identification of fetuses with hemoglobin Bart’s disease using
middle cerebral artery peak systolic velocity
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ABSTRACT

Objectives To determine the sensitivity and specificity of
middle cerebral artery peak systolic velocity (MCA-PSV)
in mid-pregnancy for the identification of homozygous
a-thalassemia-1 (hemoglobin (Hb) Bart’s disease) in
fetuses at risk of the disease.

Methods A total of 88 pregnancies (91 fetuses) at
risk of Hb Bart’s disease and undergoing MCA-PSV
measurement before cordocentesis at 18-22 weeks of
gestation were recruited into the study. Definitive
diagnosis was made using the gold standard technique of
Hb typing by high-performance liquid chromatography.
Results The mean + SD age of the 88 pregnant
women recruited into the study was 28.3 £ 5.7 years, the
gestational age was 18.8 &+ 1.1 weeks and the incidence of
Hb Bart’s disease was 22% (20 fetuses). Using MCA-
PSV above 1.5 multiples of the median as a cut-off
point, the sensitivity of MCA-PSV for detecting affected
fetuses was 85% (17/20 cases), with a specificity of 100%,
and positive and negative predictive values of 100% and
95.9% respectively. Three of 20 fetuses with Hb Bart’s
disease had normal MCA-PSV.

Conclusions MCA-PSV assessment in mid-pregnancy is a
useful method for identifying Hb Bart’s disease with high
sensitivity and specificity among fetuses at risk, and may
allow avoidance of unnecessary cordocentesis in some
cases. Copyright © 2009 ISUOG. Published by John
Wiley & Sons, Ltd.

INTRODUCTION

Homozygous a-thalassemia-1 (hemoglobin (Hb) Bart’s
disease) is the most common cause of hydrops fetalis in
South East Asia. As a result of population migrations
during the past decade, this syndrome is now seen with
increasing frequency in other parts of the world. The
affected fetuses are almost always either stillborn or die

soon after birth. Furthermore, serious obstetric complica-
tions frequently accompany affected pregnancies, includ-
ing pre-eclampsia, dystocia, postpartum hemorrhage due
to a large placenta, and the psychological burden of car-
rying a non-viable fetus to term. It is therefore important
that the condition is diagnosed prenatally as early as pos-
sible, and that the parents are counseled on the option of
termination of pregnancy. At present, prenatal diagnosis
is usually obtained by DNA analysis or fetal blood analy-
sis. However, these techniques are invasive and resources
for analysis may be limited in areas where the disease is
prevalent.

It is well established that quantification of middle cere-
bral artery (MCA) peak systolic velocity (PSV) is effective
in predicting anemia owing to various causes!, particu-
larly rhesus isoimmunization®~®, Kell alloimmunization’,
parvovirus infection®%? and placental chorioangioma'®
and that it may have a role in diagnosing Hb Bart’s
disease!!. To date, there have been few studies on the role
of MCA-PSV in the detection of fetal anemia secondary to
Hb Bart’s disease!!"1>. Moreover, the accuracy of MCA-
PSV in predicting homozygous a-thalassemia-1 in fetuses
in mid-pregnancy has not previously been studied. The
purpose of this study was to determine the sensitivity and
specificity of MCA-PSV at mid-pregnancy in the detection
of Hb Bart’s disease among fetuses at risk. If MCA-PSV
assessment is effective in differentiating between affected
and unaffected fetuses in pregnancies that are at risk,
it may play an important role in identifying those that
require invasive diagnostic procedures, allowing reassur-
ance of normality in unaffected cases without unnecessary
invasive intervention.

METHODS

A total of 88 pregnant women (91 fetuses) at risk of
having fetuses with Hb Bart’s disease opted to undergo
cordocentesis to test for the disease and were recruited
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into the study, which was approved by the ethics
committee. MCA-PSV was measured at 18-22 weeks
of gestation in all fetuses before cordocentesis was
performed at Maharaj Nakorn Chiang Mai Hospital,
between May 2007 and April 2008. All ultrasound
examinations, including MCA-PSV measurements, were
performed by one of eight experienced perinatologists
using Aloka Prosound 5000 or Aloka SSD alpha-10
(Tokyo, Japan) ultrasound machines with transabdominal
3.5-MHz curvilinear transducers. The measurement of
MCA Doppler waveforms was performed using the
technique described by Mari!'3. The MCA-PSV was
measured from the still images of three uniform cardiac
cycles using an automatic waveform analysis function
integrated into the ultrasound device and the mean was
calculated. Abnormal increase in MCA-PSV was defined
as a value above 1.5 multiples of the median (MoM)
for the specific gestational age using the nomogram
for a Thai population reported by Tongsong et al.'*.
Definitive diagnosis was made using the gold standard
technique of hemoglobin typing by high-performance
liquid chromatography, following cordocentesis, in which
fetuses with Hb Bart’s disease typically show Hb Bart’s
80-90%, Portland Hb 10-20% and a small percentage
of HbH. The main outcome measure of this study was the
sensitivity and specificity of MCA-PSV in the identification
of Hb Bart’s disease.

RESULTS

During the study period, a total of 88 pregnant women
(91 fetuses) were recruited into the study. The mean +
SD age of the population was 28.3 & 5.7 years, ranging
from 15 to 44 years, and the mean + SD gestational age
was 18.8 + 1.1 weeks. One fetus was excluded from the
study. This fetus had an increase in MCA-PSV and signs of
frank hydrops fetalis. Although the fetus was provisionally
diagnosed with Hb Bart’s disease, fetal blood could not
be obtained from cordocentesis and the fetus later died.
Among the remaining 90 fetuses, the incidence of Hb
Bart’s disease was 22.2% (20/90).

Using MCA-PSV above 1.5 MoM as a cut-off point, the
sensitivity of MCA-PSV in the detection of fetuses with
Hb Bart’s disease was 85.0% (17/20 cases), the specificity
was 100.0%, and positive and negative predictive values
were 100.0% and 95.9 %, respectively (Table 1). Notably,
three affected fetuses had a normal MCA-PSV, but the
levels for all of them were close to the cut-off point
(Table 2). Furthermore, these three fetuses also showed
cardiomegaly, with an increased cardiothoracic ratio (C/T
ratio) of > 50%.

DISCUSSION

In this study we determined the MCA-PSV in a group of
fetuses at risk for anemia secondary to a-thalassemia-1

immediately before cordocentesis and found that a cut-off
of MCA-PSV MoM > 1.5 identified 17/20 affected fetuses

Copyright © 2009 ISUOG. Published by John Wiley & Sons, Ltd.

Table 1 Incidence of middle cerebral artery peak systolic velocity
(MCA-PSV) above and below 1.5 multiples of the gestational
age-specific median (MoM) in fetuses with and without
hemoglobin (Hb) Bart’s disease

Fetuses with Fetuses with no Hb

MCA-PSV Hb Bart’s disease Bart’s disease Total
> 1.5 MoM 17 0 17
<1.5 MoM 3 70 73
Total 20 70 90

Sensitivity, 85.0% (95% CI, 69.1-100.0%); specificity, 100.0%
(95% CI, 100.0-100.0%); positive predictive value, 100.0% (95 %
CIL, 100.0-100.0%); negative predictive value, 95.9% (95% CI,
86.0-100.5%).

Table 2 Details of three cases with normal fetal middle cerebral
artery peak systolic velocity (MCA-PSV) that were found to have
hemoglobin (Hb) Bart’s disease

1.5 MoM
GA MCA-PSV  MCA-PSV  Hb level Degree of C/T ratio
(weeks) (cmls) (cmls) (g/dL)  anemia* (%)
18 28.2 30.9 6.9 Mild 60
19 32.6 33.0 8.7 Mild 54
20 33.4 35.1 6.5 Moderate 61

*Diagnosed using nomogram of fetal Hb level across gestational
age (GA)'4. C/T ratio, cardiothoracic ratio; MoM, multiples of the
median.

with a specificity of 100.0%. By using the MCA-PSV to
screen for Hb Bart’s disease it may have been possible for
us to have avoided 70 (78 %) unnecessary cordocenteses.
Although three twin pregnancies were included in
this study, this does not seem to be important because
the MCA-PSV in uncomplicated twin pregnancy does
not differ from that in singleton pregnancy'®. Although
the MCA is a readily accessible vessel, there is still
a risk of inappropriate measurement of MCA-PSV
by inexperienced operators, which could negatively
impact on patient outcomes'®!”. Therefore, we have
standardized the technique of MCA-PSV measurement
used by the eight experienced perinatologists in order to
minimize interobserver variation!318, Based on this study,
MCA-PSV is likely to have a role in the diagnosis of
Hb Bart’s disease owing to its high diagnostic accuracy.
For example, for fetuses that are at risk of Hb Bart’s
disease but have normal MCA-PSV it seems appropriate to
perform non-invasive monitoring using serial sonographic
examinations to detect any hydropic change, rather than
carry out invasive procedures such as cordocentesis.
Longitudinal assessment of MCA-PSV may be helpful
in the detection of fetal anemia due to homozygous
a-thalassemia-1 before hydropic change occurs, as seen in
fetuses with rhesus isoimmunization'®2°. However, the
sensitivity in our series was somewhat lower than that in
the study of fetal rhesus isoimmunization. This may be
because anemia in rhesus isoimmunization was studied
in late pregnancy whereas our study was performed
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on fetuses earlier in gestation (mid-pregnancy) when the
anemia is less apparent. We believe that all fetuses with
Hb Bart’s disease will show abnormal MCV-PSV in late
pregnancy.

Interestingly, all of the three affected cases missed using
the measurement of MCA-PSV had a relatively high MCA-
PSV value close to the cut-off level of 1.5 MoM. Although
the most widely accepted cut-off point for abnormal
MCA-PSV is 1.5 MoM for the specific gestational age!3-?!,
this value was derived from many studies on populations
with fetal anemia caused by isoimmunization. Therefore,
it is possible that the most appropriate cut-off point of
MCA-PSV for differentiating fetal anemia due to Hb
Bart’s disease may be below 1.5 MoM. However, the
population in this study is not large enough to define
the optimal cut-off point in this situation. Thus a larger
study is required to demonstrate the most appropriate cut-
off point of MCA-PSV for identifying Hb Bart’s disease.
Furthermore, all three affected fetuses with normal MCA-
PSV had cardiomegaly, defined by a C/T ratio exceeding
50%. Therefore, the combination of MCA-PSV and C/T
ratio may improve the sensitivity of screening for Hb
Bart’s disease. However, C/T ratio measurement is usually
more difficult than MCA-PSV measurement and requires
greater expertise.

One weakness of this study is that it may have
included bias in the measurement of MCA-PSV. The color
Doppler evaluation was not a blind method because the
examiner could visualize the morphology of the fetuses
using gray-scale sonographic imaging. Therefore, signs
of early hydropic change in affected fetuses, such as
cardiomegaly or pericardial effusion, could have been
visible in some cases and the diagnosis of Hb Bart’s in
these fetuses might have been anticipated. Additionally,
interobserver variation among the sonologists was not
tested. On the other hand, the strengths of this study
include the adequate number of cases of homozygous
a-thalassemia-1 and the use of a MCA-PSV reference
range constructed from our own population'#.

It is important to emphasize that normal MCA-
PSV at 18 to 22 weeks reduces the probability that
a fetus is affected by the disease and may obviate
the need for invasive procedures to confirm normality,
although follow-up sonographic examinations may be
required. With this approach, invasive procedures could
be performed selectively, fewer fetuses would be lost
unnecessarily and medical expense could be reduced.
Therefore, cordocentesis or amniocentesis should be
reserved only for cases with positive sonographic markers,
especially cardiomegaly. Although a small proportion
of affected fetuses may be missed by this approach,
it is possible that they could be detected on serial
sonographic examinations because of later hydropic
changes. Moreover, because the disease is almost always
lethal, and termination of pregnancy can be offered at any
time once a reliable diagnosis has been made, missing a
very small number of cases will not greatly affect overall
outcomes. Despite the high accuracy of MCA-PSV, the
diagnosis should be confirmed with definitive methods

Copyright © 2009 ISUOG. Published by John Wiley & Sons, Ltd.
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such as fetal blood analysis to exclude false-positive
findings, although very infrequent, and hydrops fetalis
secondary to other causes.

In areas in which it is prevalent, it is important for
community hospitals to select only cases at high risk
for Hb Bart’s disease for referral for invasive prenatal
diagnosis. The measurement of MCA-PSV may represent
an alternative cost-effective method in identifying cases
for referral or follow-up with serial sonography in their
own hospitals.
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Beta-thalassemia/hemoglobin E (HbE) disease is an important
public health problem in Southeast Asia that must be controlled. The
prevalence of beta-thalassemia and HbE genes in our population is
3%-9% and 13%, respectively. A prenatal approach is key for effective
prevention, and screening couples at risk is necessary. Effective
screening methods must be developed to identity carriers. To identify
beta-thalassemia carriers, the osmotic fragility test (OFT) and mean
corpuscular volume (MCV) test are effective methods. For HbE gene
carriers, the dichlorophenolindophenol (DCIP) precipitation test [1], a
modified DCIP test (KKU-DCIP) [2], and the CMU-E (Chiang Mai
University - HbE) test [3,4] are widely used. However, although these
tests have been shown to have high accuracy, they have not been
compared for their precision in the same population and they have not
been evaluated when performed by inexperienced personnel. The aim
of the present study was to compare the accuracy of the DCIP, KKU-
DCIP, and CMU-E screening tests to identify HbE gene carriers.

The study was conducted prospectively between September, 2007
and June, 2008, at Maharaj Nakorn Chiang Mai Hospital, Chiang Mai,
Thailand. Inclusion criteria were women presenting in the first half
of their pregnancy who were not known to be a thalassemia carrier
and not anemic. Exclusion criteria were women who were lost to
follow-up or when data on final outcomes could not be obtained. After
written consent had been obtained, 0.5-1 mL of heparinized blood
was obtained from blood samples to screen for thalassemia. The
laboratory techniques used were: (1) the DCIP precipitation test [2];
(2) the KKU-DCIP test, a modified DCIP test developed by Fucharoen
et al. [2]; (3) the CMU-E screen test [3]; and (4) the hemoglobin

* Corresponding author. Tel.: +66 53 946429.
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A2 (HbA2) test, a simple quantitative test using microcolumn chroma-
tography. HbA2 levels of normal, beta-thalassemia trait, HbE trait, and
homozygous HbE were: <4%, 4%-9%, >10%, and >60%, respectively
(HbA, and HbE appear in the same location of the column).

During the study period, 513 nonanemic pregnant women were
recruited. Of these, 70 (13.6%) were HbE gene carriers. The results
showed that the DCIP, KKU-DCIP, and CMU-E tests were effective in
screening for HbE carriers with sensitivities of 94.3%, 94.3%, and 100.0%
respectively, and specificities of 93.0%, 91.7%, and 99.1%, respectively
(Table 1). The accuracy and the specificity of the CMU-E test were
significantly higher than the DCIP and KKU-DCIP tests (McNemar x?2
test; P<0.0001). The overall accuracy was 93.2%, 92.7%, and 99.7% for
the DCIP, KKU-DCIP, and CMU-E screening tests, respectively.

The acceptable strategy for prevention and control of beta-
thalassemia/HbE disease is prenatal diagnosis for couples at risk of
conceiving an affected fetus [4]. As such there must be an effective and
accurate method to screen for HbE carriers. Two methods used widely
to screen for the thalassemia trait are mean MCV and OFT [1/4].
However, these tests do not accurately screen for HbE because about
one-third of HbE gene carriers show normal screening results on both
MCV and OFT [1,4]. Other methods are needed to effectively screen for
HbE gene carriers to identify couples at risk of conceiving children
with beta-thalassemia/HbE.

DCIP is used widely to screen for HbE and has a high sensitivity and
specificity [5]. Other unstable hemoglobin such as HbH may result in a
false-positive test. A modified DCIP test (KKU-DCIP) with a sensitivity
of 98.1%-100% and a specificity of 65.4%-88.4% was proposed to
reduce the false-positive rate of the conventional DCIP test [2].

Table 1

Two-by-two table showing the diagnostic indices of the DCIP, KKU-DCIP, and CMU-E
screening tests to identify the hemoglobin E trait among nonanemic pregnant women
(n=513).

Test Test
result

HDE trait status
Normal HDbE trait

DCIP Negative 412 4

Positive 31 66
KKU-DCIP Negative 406 4
Positive 37 66
Negative 439 0
Positive 4 70

Sensitivity Specificity PPV NPV Accuracy

94.3% 93.0% 68.0% 99.0% 93.2%

94.3% 91.7% 64.1% 99.0% 92.7%

CMU-E 100.0% 99.1% 94.6% 100.0% 99.7%

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
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In our experience, interpretation of the negative and positive re-
sults from the DCIP test by evaluating the turbidity of the solution is
sometimes difficult and leads to more false-positive results, whereas
interpretation of the CMU-E results seems to be less problematic. Our
findings using the CMU-E test were consistent with our previous
preliminary report in which CMU-E showed sensitivity and specificity
of 100% [3].

Based on the results of the present study, the DCIP, KKU-DCIP, and
CMU-E screening tests are effective in screening for HbE gene carriers
and are appropriate to use as primary screening tests. However, the
CMU-E test will detect virtually all HbE gene carriers, whereas 5%-6%
of carriers could be missed with the DCIP or KKU-DCIP screening tests.
Furthermore, the false-positive rate with the CMU-E test is only about
1%, whereas it is approximately 7%-8% with the DCIP or KKU-DCIP
test.

The strength of the present study is that the screening tests were
performed using the same blood samples from one group of women,
which ensured that the baseline data were the same and the accuracy of
the tests could be compared. One of the limitations of the study is that
the diagnostic test used was microcolumn chromatography and not DNA
analysis. It has been reported that the concomitant inheritance of alpha-
thalassemia often occurs and lowers the percentage of HbE.
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Hemoglobin (MCH): For Screening Alpha-thalassemia-1
Trait and Beta-thalassemia Trait
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Objective: To evaluate sensitivity, specificity, and positive and negative predictive value of mean corpuscular
hemoglobin (MCH) for screening alpha-thalassemia-1 trait and beta-thalassemia trait

Material and Method: Descriptive analysis, diagnostic test, was conducted on 396 pregnant women attending
the antenatal clinic between September 2007 and June 2008. Blood samples were collected from pregnant
women after counseling and getting informed consent. MCH was measured in all samples by automated
hematology analyzer. Determination of HbAZ2 level for diagnosis of beta-thalassmia trait and PCR for alpha-
thalassemia-1 gene (SEA type) were performed in all cases as a gold standard. The data were collected and
analyzed for sensitivity, specificity, and positive and negative predictive value of MCH for screening alpha-
thalassemia-1 trait and beta-thalassemia trait.

Results: Based on the ROC curve, the best cut-off level of MCH in predicting the thalassemia carriers was 26.5
picrograms. Positive MCH (< 26.5 picrograms) gave the sensitivity of 95.2% and specificity of 82.3% in
screening alpha-thalassemia-1 trait and beta-thalassemia trait. The positive predictive value and negative
predictive value were 40.4% and 99.3% respectively.

Conclusion: MCH is a good tool for screening alpha-thalassemia-1 trait and beta-thalassemia trait during
pregnancy because of its simplicity, low cost, (when determined as a part of complete blood count), and high

Sensitivity.

Keywords: Erythrocyte indices, Alpha-Thalassemia, Beta-Thalassemia
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Thalassemia is the most common hematologic
genetic disease in Thailand. The high prevalence of
a-thall, B-thalassemia, and HbE gene in the Thai
population, 14%, 3-9%, and 13% respectively-?, leads
to many births of children with severe thalassemia,
homozygous b-thalassemia, b-thalassemia/HbE, and
Hb Bart’s disease. The affected persons of the first
two entities have a low quality of life and have
estimated average life expectancy of 10 and 30 years,
respectively. Hb Bart’s hydropic fetuses have never
survived and their mothers often suffer from obstetric
complications such as pre-eclampsia, dystocia, post-
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partum hemorrhage due to a large placenta, and the
psychological burden for carrying a nonviable fetus
to term. Each year, the authors’ department faces
about 20 new cases of homozygous [-thalassemia,
30-40 new cases of 3-thalassemia/HbE, and 20-30 new
cases of Hb Bart’s disease. Therefore, these three
entities of severe thalassemia need to be controlled,
especially by prenatal approach®. Recently, the
authors have had great success in the control of
severe thalassemia  using a simple way that cost
much less than that of fetal DNA analysis®. However,
this screening system has significant false positive
test, leading to unnecessary confirmatory tests. In
Thailand, the algorithm of prenatal control of severe
thalassemia is diversified. For example, there are
several screening tests for alpha/beta thalassemia
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such as OFT, MCV, MCH etc. Several screening tests
for Hb E are available such as DCIP, KKU-DCIP, or
CMU-HDE screen test. MCH is one of the screening
tests for thalassemia (alpha-thalassemial trait and beta-
thalassemia). It has not been thoroughly evaluated for
its efficacy in spite of the fact that this is a simple
technique and is available on an automated machine
determining complete blood count in routine practice.
Although, some studies showed that this might be
effective in screening a thalassemia carrier, using
the cut-off point at < 26-28 {157, it has never been
evaluated for the best cut-off level of MCH to
discriminate normal and abnormal test.

The main purpose of the present study was
to evaluate the efficacy of MCH measurement in
screening o.-thalassemial and [-thalassemia
carriers, using HbA?2 levels measured by microcolumn
chromatography and PCR for o-thalassemial (SEA
type) as a gold standard.

Material and Method

Pregnant women attending the antenatal
care clinic at Maharaj Nakorn Chiang Mai Hospital
between September 2007 and June 2008 were recruited
into the present study. Ethical approval was given.
The inclusion criteria consisted of 1) present in the
first half of pregnancies, 2) no known thalassemia
carrier (history of previous child with the disease, or
previous screening in the previous pregnancy), and
3) not anemic. Exclusion criteria included women with
loss to follow-up or the data on final outcomes could
not be obtained. All of these women were counseled
and invited to join the study with informed consent.
The definition used in the present study included:
1) a-thalassemia-1 carrier: Individuals who has
deletion of both loci from one chromosome (--/aia). In
most populations, the o-globin chain cluster or gene
loci are duplicated on chromosome 16. Thus, normal
genotype for diploid cells can be expressed as oot/
A deletion of two genes (--/ao) results clinically in
o-thalassemia 1 trait, which is characterized by
minimal hypochromic microcytic anemia, usually not
associated with clinical abnormality and often goes
unrecognized. 2) B-thalassemia carrier: Individuals who
have heterozygous state of B-thalassemia gene muta-
tion, located on chromosome 11. With beta-thalassemia
carrier state, hemoglobin A2, which is composed of
two o~ and two 3-globin chains, is increased to more
than 3.5-4%. They are usually non-anemic.

The pregnant women recruited into the
present study were taken care of as a standard
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antenatal care. Five milliliters of blood sample was
taken for MCH test as a screening test for alpha-
thalassemial or beta-thalassemia gene carriers, HbA2
level for diagnostic test of beta-thalassemia carrier,
and Polymerase chain reaction (PCR; SEA type) as a
gold standard in establishing the carrier status of
alpha-thalassemial. The laboratory techniques used
in the present study included: 1) Mean corpuscular
hemoglobin (MCH): MCH is defined by the mean
corpuscular hemoglobin measured by automated
hematology analyzer (Coulter STKS analyzer; Beckman,
USA) and expressed picograms. The measurement is
done on a blood sample of 1.0 ml in a test tube using
EDTA as an anticoagulant MCH of less than 27 pgs is
considered positive or abnormal. 2) PCR for o-thal-1
(SEA type): PCR in this project is used as a definite test
for detection a-thall gene carrier. This is a technique
for amplification and analysis of DNA of o-thall gene,
modified from Chang’s method (8;9) by changing the
primer specific for o-thal-1 trait. In a normal subject,
PCR product will consist of only 314 base pair type,
but there are PCR products of 314 and 188 base pair
types in blood sample from o-thal-1 trait. 3) Hb A2 test:
A simple quantitative test (using the standard A2
column kit; microcolumn chromatography) is used to
identify beta-thalassemia trait. The levels of normal,
[-thal trait, HbE trait, and homozygous HbE of < 4%,
4-9%,>10%, and > 60%, respectively (HbA2 and HbE
appear in the same location of the column). Used as a
diagnostic test for -trait, or HbE trait.

The main outcome was a sensitivity,
specificity, and positive and negative predictive value
of MCH in predicting alpha or beta thalassemia trait,
using HbA2 level and PCR for a-thalassemia 1 as a
gold standard.

Based on previous studies, the present study
needed a sample size of at least 300 pregnant women to
gain power of test 80% with confidence interval of
95%, when the sensitivity of test was more than 97%
and specificity of more than 75%.

Statistical analysis included 1) demographic
data or obstetric background were presented as
percentage, means and standard deviation etc.
2) accuracy of the screening tests was presented as
detection rate (sensitivity), and specificity with 95%
confidence interval (95% CI) in detecting thalassemia
carrier status.

Results

During the present study, 396 pregnant
women were recruited into the present study.
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Twenty-one women were excluded from the present
study because of incomplete data. The remaining 375
cases were available for analysis. The majority of the
subjects resided in Chiang Mai province (80.8%).
Most of them were between 21-30 years old (54.5%).
The occupations were mostly employee (52.2%) and
housewife (27.1%). Most (54.6%) were nulliparous.

Three hundred and seventy-five blood
samples were sent to measure MCH by automated
hematology analyzer and all blood samples were also
sent to detect beta-thalassemia trait by HbA2 test
(HbA2 4.1-9%) and alpha-thalassemia-1 trait by PCR for
alpha- thalassemia-1 gene (SEA type). Beta-thalassemia
trait or alpha- thalassemia-1 trait was diagnosed in42
samples.

Based on ROC curve (Fig. 1), the best cut-off
level of MCH in predicting the thalassemia carriers was
26.5 picrograms. Positive MCH (< 26.5 picrograms)
gave the sensitivity of 95.2% and specificity of 83.9% in
screening alpha-thalassemia-1 trait and beta-thalassemia
trait. The positive predictive value was 37.9% and the
negative predictive value was 99.1% (Table 1).

The positive screening test or MCH of <26.5
picograms was found in 99 samples and a negative
result or MCH of more than 26.5 picograms in 276
samples. The mean (+ SD) hemoglobin concentration
was 12.0 + 1.2 gm/dl. The mean (+ SD) of MCH was
28.0+ 3.3 picograms.

Of 375 pregnant women, there were 47 cases
of Hb E trait (without alpha-thalassemial or beta carrier),
which were also defined as negative final diagnosis or
no thalassemia carrier. Twenty-four (55.3%) of them
had a positive MCH test (< 26.5 picograms) and 44.7%
had a negative MCH test).

Discussion

Currently, widely used screening tests of
beta-thalassemia or alpha-thalassemia-1 trait in the
prevalent areas include mean corpuscular volume
(MCV) and erythrocyte osmotic fragility test (EOFT).
Both methods are advocated to have high sensitivity
and specificity!*'». Maharaj Nakorn Chiang Mai
Hospital used EOFT (0.45% glycerine saline solution)
as a screening test of beta-thalassemia and alpha-
thalassemia-1 trait!'”. However, the accuracy of MCH
in screening thalassemia trait in pregnant women has
not been studied. MCH could be easily screened at
the first antenatal visit, using automated hematology
analyzer together with complete blood count. Usually,
this machine can report MCH concentration at the
same time as routine complete blood count. Exclusion
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Fig. 1 ROC curve of MCH in predicting o-thalassemia-1
trait/B-thalassemia trait (area under curve 0.943)

Table 1. Two by two table shows the diagnostic indices of
MCH in predicting alpha-thalalassemial trait or
beta-thalassemia trait among non-anemic pregnant

women
o-thalassemia-1/ Total
B-thalassemia carrier
Non-carrier Carrier 0
MCH Negative 274 2 276
Positive 59 40 99
Total 333 42 375

Sensitivity: 95.2% (40/42) 95% [95% CI: 0.888-1.017]
Specificity: 82.3% (274/333) [95% CI: 0.782-0.864]
Positive predictive accuracy: 40.4% (40/99) [95% CI:
0.307-0.501]

Negative predictive accuracy: 99.3% (274/276) [95% CI:
0.976-1.009]

criteria in the present study were pregnancies that
already had anemia or twins pregnancy. This was done
to minimize confounding factors that may interfere with
the result because many types of anemia have a direct
effect on RBC volume and MCH measurement!*!%.
Moreover, in real practice, any case of anemia will
completely be worked up to identify the causes
including thalassemia. Therefore, there would not be
any need for screening test.
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Normal range of HbA2 level in the general
literature was 2.5-3.5%, but it can be varied according
to laboratories. In the present study, the authors used
cutoff point of HbA2 level at 4%, which is the cutoff
level at Maharaj Nakorn Chiang Mai Hospital Central
Diagnostic Laboratory'”. Our laboratory previously
tested 128 known cases of beta-thalassemia trait
that were the parents of homozygous beta-thalassemia
patients and found that all of them had HbA2 > 4%,
the majority of the cases ranged between 4.1-9%.

The data presented here showed that MCH at
the cut-off level of <26.5 fl is a very good screening test
for both beta-thalassemia trait and alpha-thalassemia-1
trait among asymptomatic pregnant women, giving a
sensitivity of 95.2%, specificity of 82.3%, and negative
predictive value of 99.3%. Interestingly, both false
negative results in the present study were alpha-
thalassemia-1 trait, indicating that MCH can screen all
beta-thalassemia traits. However, positive predictive
value was rather low leading to the need of the
confirmatory diagnostic test in a relatively large
number of women. Therefore, combination with other
tests may be needed if MCH is used as a screening
test.

The strength of the present study is that the
MCH cut-off level used for differentiating normal
from abnormal test was derived from ROC curve,
unlike previous reports in which the cut-off level was
based on traditional practice. Additionally, unlike
previous studies that were conducted on non-pregnant
participants, the present study was performed on
pregnant women who may have physiologic changes
of red blood cells secondary to pregnancy. Therefore,
the present results may better represent the effective-
ness of the test in real practice because pregnant
women are the main target group of screening in
prenatal control strategy for severe thalassemia.

The present study also demonstrates MCH is
not effective in screening HbE trait because it has low
sensitivity (55.3%). Therefore, MCH alone could not
effectively detect HbE trait and an additional test such
as DCIP (dichlorophenol indophenol) should be
performed for such a purpose.

In conclusion, MCH is a good method for
screening beta-thalassemia and alpha-thalassemia-1
trait in pregnant women. Because of its high sensitivity
and specificity, along with other various aspects such
as cost, availability, and technical difficulty, MCH
may be one of the available techniques to be used as a
primary screening test for thalassemia screening in
prevalent areas. However, MCH should be determined
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by automated hematology analyzer that does not
require more personnel or materials. Variation of the
result is less than manual method that sometimes
depends on personnel and the environment.
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Abstract

Objective To establish a reference range of splenic artery
peak systolic velocity 1(SpA-PSV) in the normal singleton
pregnancies (1440 weeks).

Methods A prospective descriptive study was conducted
on uncomplicated singleton pregnancies with normal
fetuses and accurate gestational age were recruited into the
study. The Doppler measurements of SpA-PSV were per-
formed by the experienced sonographers with the high-res-
olution machine (Aloka Prosound alpha-10, Tokyo, Japan,
or Voluson E8, GE Healthcare, USA).

Results A total of 540 measurements were performed,
ranging from 15 to 30 for each gestational week (GA). The
best regression model between GA and SpA-PSV was
observed to be linear function with an equation as follows:
SPA-PSV (cm/s) = —1.433 + 1.186 (GA, weeks) (+* = 0.573).
The table of nomogram for various percentile ranges was
constructed. The results show a continuous increase in
SpA-PSV over the period from 14 to 40 weeks.

Conclusion A nomogram for SpA-PSV for each GA dur-
ing 14-40 weeks was constructed. This reference range
may be a useful non-invasive tool in risk assessment for
fetal anemia, especially due to homozygous alpha-thalasse-
mia-1 or fetal isoimmunization.
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Introduction

With high-resolution ultrasound and pulsed/color Doppler,
circulation in several fetal arteries has been effectively
assessed. Ample evidence have demonstrated that fetal ane-
mia secondary to various causes is significantly associated
with several alterations in fetal hemodynamics, including
middle cerebral artery as well as splenic artery circulation,
which could be assessed by Doppler ultrasound [1, 2].
Bahado-Singh et al. [1, 3] showed that splenic artery peak
systolic velocity (SPA-PSV) was very useful in predicting
fetal anemia secondary to maternal alloimmunization [1].
Recently we have demonstrated that the mean SpA-PSV of
fetuses with homozygous alpha-thalassemia-1 was signifi-
cantly higher than that of unaffected ones [4], suggesting
that SpA-PSV assessment may have a potential role in
identifying fetuses with anemia due to homozygous alpha-
thalassemia-1, though the effectiveness of SpA-PSV in
differentiating affected from unaffected fetuses among preg-
nancies at risk needs further studies. SpA Doppler indices
provide information on blood volume redistribution, e.g.,
an increased peak systolic velocity in fetal anemia. Like
anemia due to alloimmunization, anemia in fetuses with
homozygous alpha-thalassemia-1 is also associated with an
increased SpA peak systolic velocity (SpA-PSV) [4]. Ane-
mia in these fetuses can occur in early gestation, before the
presence of hydropic changes visualized by ultrasound.
Therefore, the assessment of SpA-PSV may enable us to
make early diagnosis of homozygous alpha-thalassemia-1
in the first half of pregnancy before hydropic changes
becomes overt. However, abnormal values for SpA-PSV
cannot be assessed until after normal values are well estab-
lished. Although the construction of gestational age-related
reference curves for SpA-PSV was once reported [1], such
a nomogram is included only fetuses in the second half of
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pregnancy. The nomogram of SpA-PSV for fetuses in the
first half of pregnancy has never been studied, in spite of
the fact that this information may be useful for early detec-
tion fetal anemia due to various causes especially homozy-
gous alpha-thalassemia- 1 in our own population. Therefore,
we conducted this study to establish the reference ranges of
SpA-PSV of the fetuses at gestational age of 14—40 weeks.

Materials and methods

This study was a prospective cross-sectional descriptive,
performed between June 1, 2007 and March 31, 2009 at
Maharaj Nakorn Chiang Mai Hospital, Department of
Obstetrics and Gynecology, Faculty of Medicine, Chiang
Mai University, Thailand with an approval of the
research ethical committee. Low-risk pregnant women
were recruited from our antenatal care unit with written
informed consents. Inclusion criteria included: (1) accurate
gestational age based on regular menstrual cycle with cer-
tain last menstrual period and fetal biometry in the first half
of pregnancies, (2) gestational age between 14 and
40 weeks, and (3) normal pregnancy without obstetric and
medical complication. Exclusion criteria included: (1)
abnormal fetal growth either small-for-gestational age or
macrosomia, (2) multifetal pregnancy, (3) fetal malforma-
tions, and (4) satisfactory splenic Doppler waveform could
not be obtained. All ultrasound examinations were per-
formed by the authors with real-time equipment with color
and pulsed Doppler capabilities, using Aloka SSD alpha-10
(Tokyo, Japan), or Voluson E8 (GE Healthcare, USA) with
transabdominal 2-4 MHz curvilinear transducers. In each
examination, a routine standard sonographic examination,
including fetal biometry and fetal anomaly screening, was
performed. Doppler measurements were obtained at a phys-
iologic fetal heart rate of 120-160 bpm in the absence of
maternal or fetal breathing movements. The SpA-PSV was
measured as follows: (1) The pregnant women were in the
semi-recumbent position and the fetal abdomen was first
identified in an axial view at the level of the stomach using
the transducer mentioned above. (2) Color Doppler was
used to locate the splenic artery as it arise from the celiac
axis and courses behind the stomach into the splenic hilum
(Fig. 1). (3) Pulsed Doppler evaluation was performed with
a sample volume of 1-3 mm as appropriate, and an angle of
insonation between 0 and 20° from the ultrasound beam.
(4) The sample volume was positioned along the splenic
artery in close proximity to its origin from the celiac axis.
(5) Peak systolic velocity (PSV) was calculated with built-
in electronic calipers. (6) Three best consecutive wave-
forms were selected and then automatically analyzed and
averaged. (7) Repeated the above steps at least three times,
the mean of them was recorded for analysis. The measurement
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Fig. 1 Splenic artery (arrow) with spectral Doppler waveforms of a
normal fetus at 17 weeks of gestation

usually took 5-10 min to accomplish the procedure. The
collected data were analyzed for median, 5th, 10th, 90th
and 95th percentiles of SpA-PSV for each gestational week
(GA). The best-fit regression equation was determined
using the statistical package for the social sciences (SPSS)
version 17.0 (Chicago, USA).

Results

A total of 576 pregnant women were recruited into the
study and 36 were excluded due to inability to obtain
proper Doppler waveform (20 cases; 9 at 14—15 weeks, 5 at
16-20 weeks and 6 at 21-40 weeks), 8 fetuses with growth
restriction (birth weight of less than 10th percentile), 3
cases of fetal structural or chromosome anomalies, includ-
ing hydranencephaly, hydronephrosis, trisomy 21, and 5
cases of loss-to-follow-up. Of the remaining 540 measure-
ments, the average measurement per week was 20 £+ 3.4
(mean £ SD), ranging from 15 to 26 per week. The mean
(£ SD) maternal age was 28 + 5.5 years (15-42 years).
Two-hundred and forty-six (45.5%) were nulliparous.
Nearly all of the women were Thai ethnicity and living in
the northern part of Thailand. With explore stem-and-leaf
plot statistics (SPSS version 17.0), the distribution of PSV
show normal in all GA. Regression analysis was used to
identify the best regression model between GA and SpA-
PSV which was observed to be linear equation function.
The results showed the best fitted equation as follows: SpA-
PSV (cm/s)= —1.433 + 1.186 (GA, weeks) (% =0.573).
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Table 1 Nomogram of predicted splenic artery peak systolic velocity
(SpA-PSV) at 5th, 10th, 50th, 90th, 95th percentiles for each gesta-
tional age

GA  Predicted SpA-PSV (cm/s): percentile

5 10 25 50 75 90 95

14 4.2 4.9 9.3 14.9 19.9 25.5 29.7
15 5.2 6.0 10.4 16.1 21.1 26.8 31.0
16 6.1 7.2 11.6 17.3 22.4 28.0 322
17 7.1 8.3 12.8 18.5 23.6 29.3 335
18 8.1 9.5 14.0 19.7 24.8 30.5 347
19 9.1 10.6 152 20.9 26.1 31.8 36.0
20 10.1 11.8 16.4 22.1 27.3 33.0 37.2
21 11.0 12.9 17.5 233 28.5 343 38.5
22 12.0 14.1 18.7 24.5 29.8 355 39.7
23 13.0 15.2 19.9 25.7 31.0 36.8 41.0
24 14.0 16.4 21.1 26.9 32.3 38.0 42.2
25 15.0 17.6 223 28.1 335 393 435
26 15.9 18.7 235 29.4 34.7 40.5 44.8
27 16.9 19.9 24.7 30.6 36.0 41.8 46.0
28 17.9 21.0 25.8 31.8 37.2 43.0 473
29 18.9 22.2 27.0 33.0 38.4 44.3 48.5
30 19.9 23.3 28.2 342 39.7 45.5 49.8
31 20.8 24.5 29.4 354 40.9 46.8 51.0
32 21.8 25.6 30.6 36.6 42.1 48.0 523
33 22.8 26.8 31.8 37.8 43.4 49.3 535
34 23.8 27.9 33.0 39.0 44.6 50.5 54.8
35 24.8 29.1 34.1 40.2 45.8 51.8 56.0
36 25.8 30.2 353 41.4 47.1 53.0 57.3
37 26.7 31.4 36.5 42.6 48.3 54.3 585
38 27.7 32.6 37.7 43.8 49.6 555 59.8
39 28.7 33.7 389 45.0 50.8 56.8 61.0
40 29.7 349 40.1 46.2 52.0 58.0 62.3

The table of nomogram for various percentile ranges was
constructed (Table 1). The results show a gradual increase
in SpA-PSV over the period from 14 to 40 weeks (Fig. 2).

Discussion

A few studies have been published on fetal splenic artery
peak systolic velocity and they have shown that SpA-PSV
may be used for the detection of fetal anemia secondary to
various causes such as alloimmunization [1, 3]. Theoreti-
cally, SpA-PSV may also be useful in predicting anemia
secondary to other causes such as parvovirus B19 infection,
large chorioangioma or other cause of non-immune
hydrops fetalis due to fetal anemia, like middle cerebral
artery peak systolic velocity [5—-8]. Furthermore, we have
observed that fetuses with anemia due to hemoglobin Bart’s
disease have significantly higher SpA-PSV than that in

unaffected fetuses. However, to determine whether a given
SpA Doppler indices is normal or not, normal SPA Doppler
indices must be established for each week of gestational
age, including in early pregnancy. In addition, since these
parameters may possibly be varied among different popula-
tion, population-specific nomograms may be needed.
Therefore, we have constructed this first nomogram of
SpA-PSV for each week of gestational age, including the
first half of pregnancy (14—40 weeks of gestation).

Unlike the previous report [1], which studied the SpA
Doppler indices in rather late gestation, the present study
has established the nomogram of SpA-PSV for each gesta-
tional age from weeks 14 to 40. We also focus on the first
half of pregnancy since the main problem of fetal anemia in
our population is homozygous alpha-thalassemia-1, which
develops anemia from late first trimester before sono-
graphic signs of hydropic changes become overt as seen in
the second half of pregnancy. The problem of the early
diagnosis is confined to the first half of pregnancy. Hope-
fully, if SpA-PSV facilitates early diagnosis, therapeutic
termination can be earlier offered for this lethal disease,
leading to avoid several serious complications related to
hydrops fetalis as well as psychic trauma.

This study showed that the SpA-PSV was increased
throughout the first half and second half of gestation. This
finding is similar to that in the second half of pregnancy as
reported by Bahado-Singh [1], who demonstrated a contin-
uous increase of PSV of SPA over the period from 20 to
36 weeks of gestation. However, the variation of SpA indi-
ces among fetuses in each GA was rather high. Moreover,
when compared to the SpA-PSV pattern in Bahado-Singh’s
study [1], SpA-PSV seems to be somewhat lower in every
GA. This may possibly be due to the racial factors. Thus,
we suggest that nomogram of SpA-PSV should be devel-
oped for their own population, especially in the area in
which homozygous alpha-thalassemia-1 is prevalent.

The limitation of this study was that several cases in
early gestation, 14—15 weeks, were excluded due to its diffi-
culty in visualization of the splenic artery and proper plac-
ing the sampling gate volume. This may limit its clinical
application in early second trimester. The strength of this
study was based on the fact that the nomogram was con-
structed with adequate sample size for each the GA and
reliable gestational age based on highly reliable last men-
strual period and confirmation by early sonographic dating.
Moreover, all examinations were done using the machines
of high-resolution with experienced sonographers.

Based on our experience, to maintain the correct tech-
nique for SpA-PSV measurement, we suggest measure in a
period of fetal apnea and no movement, finely adjust the
transducer to have SpA visualized for its entire length,
place sample volume at the SpA soon after its origin
(2-3 mm), angle ultrasound beam to be close to 0°, if possible,
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Fig. 2 Splenic artery peak sys-
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avoiding angle corrector and finally the waveforms should
be similar to each other and the highest PSV is measured.

In conclusion, a nomogram for SpA-PSV for each gesta-
tional age during 14-40 weeks is constructed. This refer-
ence ranges may be a useful non-invasive tool in risk
assessment for fetal anemia in early pregnancy, such as
homozygous alpha-thalassemia-1, especially where DNA
testing and other diagnostic tools are not readily available.
However, the effectiveness of this tool in detecting early
fetal anemia needs to be tested. The future study should
focus on fetuses in early pregnancy without hydropic signs
to see if SpA-PSV can differentiate affected from unaffected
ones before sonographic signs of hydrops fetalis become
evident.
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Objective: To compare the accuracy of the osmotic fragility test (OFT) and mean corpuscular volume (MCV)
calculation when screening for the a-thalassemia 1 and/or B-thalassemia trait. Method: In this cross-
sectional study, blood samples from 328 apparently healthy pregnant women were sent on the same day to
separate laboratories for the OFT (performed using a glycerol 0.45%, phosphate-buffered, sodium chloride
solution) and MCV testing (by means of a standard automated hematology analyzer). A polymerase chain
reaction was also performed to positively diagnose a-thalassemia 1 carriers, and a quantitative HbA, test to
positively diagnose (-thalassemia carriers. Results: Sensitivity and specificity were 95.0% and 86% for the
OFT; and based on the cut-off point of 78.1 fL derived from the ROC curve, they were 93% and 93.4% for MCV
calculation. The latter test was found to be slightly more accurate than the OFT in predicting the presence of
the a-thalassemia 1 and/or R-thalassemia trait. Conclusion: Both tests have high screening sensitivity for the
a-thalassemia 1 and/or R-thalassemia traits, and their simplicity and very low cost make them attractive as
screening tests for large populations. Since MCV seems to provide fewer false-positive results, it may be the
first choice wherever an automated hematology analyzer calculating MCV is available.

© 2009 Published by Elsevier Ireland Ltd. on behalf of International Federation of Gynecology and Obstetrics.
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1. Introduction

Thalassemia is the most common hematologic genetic disease in
Thailand. The prevalence rates of a-thalassemia 1, B-thalassemia, and HbE
gene are high in our population (14%, 3-9%, and 13%, respectively [1,2],
leading to the birth of many children with severe thalassemia, including
homozygous a-thalassemia 1; Bart's hemoglobin (Hb Bart's) disease,
another severe form of o-thalassemia; homozygous 3-thalassemia; and
[-thalassemia plus the HbE gene (PB-thal/HbE). Although fetuses affected
with Bart's hydrops syndrome (the most severe form of Hb Bart's disease)
never survive, persons born with the latter two forms of thalassemia have
an estimated mean life expectancy of 10 and 30 years, respectively. Along
with the psychological burden of carrying a nonviable fetus to term,
women carrying a fetus with Bart's hydrops syndrome often experience
obstetric complications such as pre-eclampsia, dystocia, and postpartum
hemorrhage due to a large placenta. Each year, our department faces
about 20 to 30 cases of Hb Bart's disease, 20 cases of homozygous 3-
thalassemia, and 30 to 40 cases of p-thal/HbE. These 3 forms of severe
thalassemia need to be controlled, especially prenatally [3]. There are
several screening procedures common to - and 3-thalassemia, such as
the osmotic fragility test (OFT) [4-7], mean corpuscular volume (MCV)
calculation [8,9], and mean corpuscular hemoglobin calculation. Although
these tests have been shown to be highly accurate under optimal

* Corresponding author. Department of Obstetrics and Gynecology, Faculty of
Medicine, Chiang Mai University, Chiang Mai, Thailand. Tel.: +66 53 946429.
E-mail address: ttongson@mail.med.cmu.ac.th (T. Tongsong).

laboratory conditions, they have not been compared for their precision
within a given population, tested for reproducibility among groups, or
evaluated when used in the real world—that is, without well-trained,
highly experienced technicians. Moreover, several MCV values between
80 and 70 fL have been used as cut-off points between normal and
abnormal, but the optimal value has not been rigorously determined.

The main purpose of this study was to compare 2 tests for accuracy in
real-world situations, the modified OFT (where the red blood cells are
placed in a glycerol, phosphate-buffered, 0.45% sodium chloride solution)
and MCV calculation, both widely used to screen for a-thalassemia 1 and/
or B-thalassemia. Blood samples from the same pregnant women were
used for 4 tests, the OFT and MCV calculation as screening tests plus 2
gold standard diagnostic tests, polymerase chain reaction (PCR) for
the a-thalassemia 1, South East Asia (SEA) trait, and HbA, values for the
-thalassemia trait.

2. Materials and methods

This cross-sectional analytical study was prospectively conducted
between September 2007 and June 2008 after ethical approval. Pregnant
women attending the Maharaj Nakorn Chiang Mai prenatal care clinic
were recruited during the study. The inclusion criteria were attending the
clinic during the first half of pregnancy; not being a known thalassemia
carrier (i.e., having no child with the disease or having tested positive in a
previous pregnancy); and not being anemic. The exclusion criteria were
having other known abnormal hemoglobin types, especially the HbE

0020-7292/$ - see front matter © 2009 Published by Elsevier Ireland Ltd. on behalf of International Federation of Gynecology and Obstetrics.

doi:10.1016/j.ijg0.2009.05.012
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trait, which is common in our population; being lost to follow-up; or not
having outcome data available.

The a-globin chain cluster or duplicated gene loci are on chromosome
16. The normal genotype for diploid cells can be expressed as aco/aea. An
individual with the deletion of both loci, and therefore 2 genes, from one of
the two chromosomes 16 (- -/at) is a carrier of the a-thalassemia 1 trait.
The a-thalassemia 1 trait, which is characterized by minimal hypochromic
microcytic anemia, usually is not associated with any clinical abnormalities
and often goes unrecognized. An individual with a gene mutation on one of
the two chromosomes 11 is a carrier of the B-thalassemia trait. Carriers of a
thalassemia trait, therefore, are heterozygous for gene deletion (for
those with the a-thalassemia 1 trait) or gene mutation (for those with
the p-thalassemia trait). In a 3-thalassemia trait carrier, adult hemoglobin
Ay, or HbA,, which is composed of 2 a- and 2 6-globin chains, is increased to
more than the normal 3.5% to 4%, and usually the carrier is not anemic.

The pregnant women recruited to the study received standard
prenatal care. Blood was drawn from the participants after they gave
written consent, and the samples were used for the tests.

The OFT determines the stability of red blood cells in a hypotonic
solution. After 0.5 to 1 mL of blood containing EDTA as an anticoagulant
was centrifuged in a 1.5-mL tube for 5 minutes at 3000 rpm. After the
plasma was discarded, 10 mL of a glycerol (0.45%), phosphate-buffered,
sodium chloride solution was added to 10 pL of packed red cells. Cells
and solution were then mixed by inversion, and after 15 seconds the
kinetics of hemolysis was recorded for 2 minutes. Hemolysis was evalu-
ated at 20-second intervals, as the decrease in the optical density (OD) of
the solution measured at 620 nm. The erythrocyte osmotic fragility value,
expressed in percentage of hemolyzed cells, was calculated according to
the following formula: OD at 15 seconds — OD at 120 seconds x 100/0D at
15 seconds. More than 60% of hemolyzed cells was considered normal (ie,
the participant carried neither the c-thalassemia-1 nor the 3-thalassemia
trait). The MCV was measured using an automated hematology analyzer
and expressed in femtolitres (fL). The cut-off point at which the MCV was
considered abnormal was based on a receiver operating characteristic
(ROC) curve derived from the data.

A diagnostic test for oi-thalassemia 1 and another for 3-thalassemia
and p-thal/HbE were performed when both partners in the couple
had positive OFT results at 2 minutes or positive MCV testing results.
Polymerase chain reaction (PCR) was used as the gold standard for
the definite detection of the a-thal 1 gene of the SEA type. The
method proposed by Chang [10,11] for DNA amplification and analy-
sis for the a-thal 1 gene was modified by changing the primer specific
for that gene. The PCR product from blood from healthy persons
consists of 314 base pairs, but the PCR product from blood from
carriers of the a-thalassemia 1 consists of 314 and 188 base pairs; the
latter is a result of the mutant gene on one allele. A microcolumn
chromatography test measuring HbA, was performed for the definite
detection of the 3-thalassemia trait or the HbE trait. The HbA; levels—
as a percentage of the total hemoglobin—were less than 4% for healthy
individuals, between 4% and 9% for those with the 3-thalassemia 1 trait,
greater than 10% for those with the HbE trait, and greater than 60% for
those who were homozygous for HbE (HbA, and HbE appearing at the
same location in the column).

The main outcome was a comparison of the accuracy of the OFT and
MCV calculation in detecting the o- thalassemia and/or the 3-thalassemia
trait, using as gold standards PCR for the o-thalassemia 1 trait and HbA,

Table 1
Results of the final diagnoses of the carrier status.

Disease type No. of carriers (%)
a-thalassemia 1 28 (8.5)
B-thalassemia 9(2.7)

Both types 3(0.9)

{3- thal/HbE 2 (0.6)

Total 42 (12.8)

Table 2
Two by two table showing the diagnostic indices of OFT in predicting the c-thalassemia
1 trait and/or the B-thalassemia trait among nonanemic pregnant women.®

OFT result «a-thalassemia 1 and/or B-thalassemia trait Total
Noncarrier Carrier

Negative 246 2 248

Positive 40 40 80

Total 286 42 328

2 The sensitivity was 40/42 or 95.2% (95% CI, 88.8%-100%); specificity, 246/286 or
86.0% (95% Cl, 82.0-90.0%); positive predictive value, 40/80 or 50.0% (95% CI, 39.0-
61.0%); negative predictive value, 246/248 or 99.2% (95% Cl, 97.2-100%); and accuracy,
286/328 or 87.0% (95% CI, 83.6%-90.8%).

level for the P-thalassemia trait. Sensitivity, specificity, positive
predictive value, and negative predictive value were compared.

Based on previous studies, this study required a sample size of at least
300 pregnant women to gain 80% power with a 95% confidence interval
(CI) when the test sensitivity was greater than 97% and specificity greater
than 75%.

Baseline characteristics of the women, all laboratory results, and fetal
diagnoses, including fetal outcomes for women with normal screening
results, were recorded for subsequent analysis. Unless otherwise indi-
cated, results are presented as number and percentage or mean and
standard deviation. The accuracy of the screening tests is presented as
sensitivity (detection rate) and specificity in detecting carriers of a
thalassemia trait.

3. Results

From September 1, 2007, to June 30, 2008, 375 women with a
singleton pregnancy were recruited. Of these, 47 were later excluded
because they had been diagnosed as having anemia or the HbE trait.
The remaining 328 women were available for analysis. Their mean +
SD age was 27.6+ 5.4 years, their mean hemoglobin concentration
was 12.4+ 1.5 g/dL, and nearly 85% lived in Chiang Mai province.

There were 28 participants (8.5%) with positive PCR test results for
the a-thalassemia-1 trait of the SEA type, and 9 participants (2.7%)
had HbA; levels between 4.1% and 9% and were thus diagnosed as
having the B-thalassemia trait (Table 1). Five of the 42 women who
had an abnormal gold standard test result were positive for both the
«a-thalassemia-1 and (3-thalassemia traits.

The pregnancy outcomes could be summarized as follows: the mean
gestational age at recruitment was 38.1 + 4.4 weeks. About two-thirds of
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Fig. 1. ROC curve for MCV predicting o-thalassemia 1 trait and/or B-thalassemia trait
(area under the curve, 0.96; 95% confidence interval, 0.93-0.99).
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Table 3
Two by two table showing the diagnostic indices of MCV in predicting the a-thalassemia 1
trait and/or the -thalassemia trait among nonanemic pregnant women.?

MCV result a-thalassemia 1 and/or p-thalassemia trait Total
Noncarrier Carrier

Negative 267 3 270

Positive 19 39 58

Total 286 42 328

2 The sensitivity was 39/42 or 93.0% (95% Cl, 85.1-100%); specificity, 267/286 or
93.4% (95% Cl, 89.7%-95.8%); positive predictive value, 39/58 or 67.2% (95% CI, 53.5%-
78.6%; negative predictive value, 98.9% or 267/270 (95% Cl: 96.2%-100%); and accuracy,
306/328 or 93.0% (95% Cl, 90.6-96.0%).

the patients had a normal vaginal delivery, 14% had a cesarean delivery,
and the remaining women had an assisted vaginal delivery (forceps or
vacuum). The birth weight was between 2500 and 3500 g in 70% of
cases.

Among the 42 carriers of severe thalassemia (whether c-thalassemia-
1 and/or p-thalassemia), 40 had a positive result to the OFT screening test,
for a sensitivity of 95.2% and a specificity of 86.0%. The diagnostic indices
(sensitivity, specificity, positive predictive value, and negative predictive
value) are presented in Table 2. Based on the ROC curve of MCV values,
the best cut-off point for predicting the presence of the a-thalassemia-1
or p-thalassemia trait is 78.1 fL (Fig. 1), giving a 92.9% sensitivity and a
false-positive rate of 6.6% (ie, a specificity of 93.4%). The diagnostic
indices are presented in Table 3. If the traditional cut-off point of 80 fL
had been used, the sensitivity would have been the same (92.9%) but the
specificity would have decreased to 91.0%. Although the sensitivity of the
2 screening tests was similar (P=0.96 by the y? test), the specificity was
significantly different (P= 0.006 by the ¥ test).

4. Discussion

This study determined the accuracy of the common screening tests
in detecting carriers of the a- and/or 3-thalassemia traits. Along with
concerns such as cost, availability, technical difficulty, its results can
guide the choice of a screening test.

The incidence of severe thalassemia (B-thalassemia major and Hb
Bart's disease) is very common in northern Thailand and needs to be
controlled, especially prenatally [7,12,13]. However, the methods
should be highly effective, simple, fast, and inexpensive. We
conducted this study to evaluate the OFT as a screening test, in the
hope that its high sensitivity, low cost, simplicity, and rapidity would
make it the test of choice.

This study shows that the OFT has a slightly higher sensitivity but a
lower specificity than the MCV test. The screening accuracy of the 2 tests
was found similar, and our results imply that the carriers of severe
thalassemia (whether a-thalassemia-1 or 3-thalassemia) would rarely
be missed with the use of either.

However, compared with the MCV test, the specificity was not as high
and the false-positive rate was about 15% higher for the OFT. This means
that, when using the OFT rather than the MVC test in a large population, a
significant number of pregnant women would unnecessarily be further
tested with more expensive tests (ie, HbA, concentration estimation and
PCR) to confirm the screening result.

In real practice, the number of the more expensive confirmatory
tests (PCR for a-thalassemia 1 carriers and the percentage of HbA,
within total hemoglobin for 3-thalassemia carriers) can be reduced if
the 2 partners in the couple are screened. The definite tests for carriers
are necessary only when both partners have had a positive result to a
screening test. If one partner has had a negative screening result, the
couple is not at risk for having a child with severe thalassemia. With
this approach, the gold standard test may be needed in only 10% of the
screened population.

The results of this study support the previous report on prenatal
strategy to control severe thalassemia using OFT as a screening test [6,7].

We support prenatal control as follows: At the first prenatal visit, the
pregnant woman and her partner will both have a blood sample taken
and the woman's blood will be tested. If the result is positive, her
partner's blood will be tested; but if it is negative, that is not necessary.
Only when both partners have a positive result to a screening test does
the diagnostic test become necessary (dealing with cases of nonpater-
nity, however, needs to be anticipated).

Thalassemia carriers have long been screened by the MCV test, and
most institutions use 80 fL as a cut-off point. Based on our ROC curve,
our study suggests the best cut-off point to be 78 fL. Choosing this cut-
off point may improve screening accuracy in real practice.

Based on this study, both OFT and MCV can be used as primary
screening tests for thalassemia carriers. However, we suggest that MCV
be used as the primary screening test of choice wherever—along with
complete blood count—it can be calculated by means of an automated
hematology analyzer.

We found that as high as one-third of our pregnant population with the
HDE trait had normal OFT and MCV test results (data do not shown). When
screening for 3-thal/HbE disease, another test should therefore be added.

The strength of this study is that both screening tests were tested with
the same blood samples, thereby providing the same baseline data for
both groups of carriers. This is why the accuracy of the tests could be
compared. Moreover, both tests were performed in separate laboratories
with no knowledge of the other's results. Unlike several previous studies
conducted with nonpregnant participants, the present study compared
the effectiveness of the tests in pregnant women. Their red blood cells
may undergo physiologic changes; besides, pregnant women are the
target group in the prenatal strategy for the control of severe thalassemia.

In summary, both OFT and MCV are highly accurate in predicting who
is an a-thalassemia 1 and/or a 3-thalassemia carrier, and both should be
considered as highly effective screening tests, although not highly
specific. Because of its high efficacy, along with its other known
advantages, which include simplicity, testing rapidity, and very low cost,
the OFT may be considered for the routine screening of thalassemia
carriers in highly prevalent areas with limited resources. However, MCV
can often be determined together with a complete blood count, and
automated analyzers are frequently found at prenatal care clinics. If an
automated analyzer is available, calculating MCV should be considered
for the primary screening test.
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Fetal Aortic Arch Measurements at
14 to 40 Weeks’ Gestation Derived by
Spatiotemporal Image Correlation
Volume Data Sets

Piyarat Udomwan, MD, Suchaya Luewan, MD,
Theera Tongsong, MD

Objective. The purpose of this study was to establish reference ranges for the transverse aortic arch
diameter (TAD) and distal aortic isthmus diameter (DAID) in normal singleton pregnancies (14-40
weeks) based on the 3-vessel/trachea (3VT) view of cardio—spatiotemporal image correlation (STIC) vol-
ume data sets. Methods. A prospective descriptive study was conducted on uncomplicated singleton
pregnancies with healthy fetuses and an accurate gestational age (GA). Cardio-STIC examinations
were performed by experienced sonographers using a high-resolution ultrasound machine, and the
volume data sets were manipulated to obtain the 3VT view and measured for the TAD and DAID.
Results. A total of 554 measurements were performed, ranging from 13 to 30 for each gestational
week. The best regression models were as follows: TAD (in millimeters) =—1.01 + 1.69 (GA, in weeks)
(r2 =0.93; P<.001), and DAID (in millimeters) = -0.85 + 1.54 (GA, in weeks) (r2 = 0.92; P < .001).
A table of nomograms for 5th, 50th, and 95th percentile ranges was constructed. Conclusions.
Normative data for the TAD and DAID at each gestational week from 14 to 40 weeks were constructed
by a new technique of measurement based on cardio-STIC. These reference ranges may be useful tools
for assessment of fetal aortic arch abnormalities. Key words: aortic isthmus; fetus; 4-dimensional
sonography; spatiotemporal image correlation; transverse aortic arch.

Abbreviations . . n modern maternal-fetal medicine, early diagnosis
Gameter, 40, 2.dmensiond, O gesaiond age, TC. of congenital heart defects, particularly in the first or
spatiotemporal image correlation; TAD, transverse aortic early second trimester, has increasingly been given
arch diameter; 3VT, 3-vessel/trachea; 2D, 2-dimensional attention, and several studies have shown more cases

of early detection than ever in the past. However, the total
number of prenatal diagnoses of congenital heart defects
is still very low worldwide. For example, the in utero detec-
tion rate of coarctation of the aorta (CoA) is very low, and
it remains one of the most difficult structural cardiac
abnormalities to prenatally diagnose,!”* although it
accounts for 7% of all congenital heart defects.

To increase the detection rate of aortic arch abnormali-
ties, measurement of aortic arch diameters has been
proposed to facilitate the diagnosis. Although several
nomograms of aortic arch dimensions have been pub-
lished,*® most included only fetuses in the second half of
pregnancy, used machines in the era of low-resolution
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the world, it would be more appropriate for each to
have its own normal reference ranges. Nomograms
for earlier gestation than in the past are also
needed because of an increased need for early
diagnosis, especially in cases of thickened nuchal
translucency® Therefore, normal ranges for the
transverse aortic arch diameter (TAD) and distal
aortic isthmus diameter (DAID) are desirable.

With modern high-resolution ultrasound equip-
ment featuring spatiotemporal image correlation
(STIC) volume data sets and compound imaging
capabilities, which allow for off-axis beam steer-
ing as an asset, we can measure the aortic dimen-
sions more accurately than in the past. Therefore,
we aimed to construct normal reference ranges
for the TAD and DAID at 14 to 40 weeks’ gestation
with a high-resolution machine using an offline
STIC technique, which allowed us to rotate the
cardiac volume data sets to control the axis and
establish the exact dimensions of the transverse
aortic arch and distal aortic isthmus. It is hoped
that our nomograms may be helpful for prenatal
diagnosis of congenital heart defects, including
abnormal growth of the aortic arch.

Materials and Methods

This prospective cross-sectional descriptive study
was performed between September 1, 2007, and
May 31, 2009, at the Department of Obstetrics
and Gynecology (Maharaj Nakorn Chiang Mai
Hospital), Faculty of Medicine, Chiang Mai
University. Pregnant women attending our ante-
natal care clinic were recruited into the study
with written informed consent. Inclusion crite-
ria were (1) an accurate gestational age (GA)
based on regular menstruation with the exact
date of the last menstrual period and fetal bio-
metric measurements in the first half of preg-
nancy; (2) a GA between 14 and 40 weeks’
gestation; and (3) low-risk pregnancy without
known obstetric or medical complications.
Exclusion criteria were (1) abnormal fetal growth,
including small size for GA (<10th percentile for
each gestational week) and macrosomia (>90th
percentile); (2) fetal malformations; (3) multifetal
pregnancy; and (4) inability to obtain a satisfac-
tory 4-dimensional (4D) STIC volume.

All sonographic examinations were performed
by experienced perinatologists using real-time

equipment with 4D STIC (Voluson E8; GE
Healthcare, Milwaukee, WI) and transabdominal
2- to 4-MHz curvilinear transducers. In each
examination, sonography, including fetal anoma-
ly screening and fetal biometric measurements,
was first performed. To identify the transverse
aortic arch and distal aortic isthmus, the 4D STIC
examination was performed as described below.

Volume Acquisition

Volume data sets were obtained from each
participant by a transverse sweep after the best
4-chamber view was obtained, preferably
acquired with the cardiac apex oriented anterior-
ly and a 10° to 40° angle between the interventric-
ular septum and ultrasound beam. The volumes
were acquired in the absence of fetal movement,
with the participant momentarily suspending
breathing during the volume acquisition, which
lasted 7.5 to 12.5 seconds. After the acquisition,
the participant could go home, and the virtual
cardiac cycle volume was recorded in the hard
drive for subsequent offline examination.

Volume Processing

The volume data sets underwent image process-
ing, including adjustment of brightness and con-
trast to optimize tissue contrast resolution and
color filtering as appropriate for analysis.

Offline Volume Data Set Analysis

Multiplanar slice analysis was performed after
the participant left the examination room, with
the objective of performing basic and extended
cardiac examinations, as recommended by the
American Institute of Ultrasound in Medicine,'° to
rule out any congenital cardiac defects. Dynamic
images of the fetal heart were simultaneously
visualized in the 3 orthogonal planes (axial, coro-
nal, and sagittal). Images of the 4-chamber view,
outflow tracts, aortic arch, and ductal arch were
navigated and displayed by moving the reference
dot upward and rotating the fetal heart around the
3 orthogonal axes (x, y, and z)

Transverse Aortic Arch and Distal Aortic
Isthmus Imaging

The planes of the TAD and DAID were shown by
rotating the volume and scrolling the reference
dot to display both the transverse aortic arch and
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distal aortic isthmus in plane A, keeping the
transverse aortic arch exactly vertical, and the
descending aorta in plane C in the same align-
ment as in plane A, resulting in a sagittal view of
the aortic arch in plane B (Figure 1).

Transverse Aortic Arch and Distal Aortic
Isthmus Diameter Measurement

By freezing the volume slice at the time of peak
systole, giving the greatest aortic arch dimen-
sion, and measuring the greatest dimensions of
the TAD and DAID in plane A, the points of
ductal joining and neck artery branching could
be easily seen in planes A and B, respectively.
With the 3-vessel/trachea (3VT) view in plane A,
the TAD was measured between the common
carotid and the left subclavian arteries, and the
DAID was measured distal to the origin of the left
subclavian artery, both during ventricular sys-
tole. Three best measurements were selected,
averaged, and recorded for subsequent analysis.
The collected data were analyzed for the median
and the 5th, 50th, and 95th percentiles of the
TAD and DAID at each gestational week. A best
fit regression equation was determined with
SPSS version 17.0 software (SPSS Inc, Chicago,
IL). The first 50 measurements were performed
by all of the authors for evaluation of interob-
server variations.

Results

A total of 598 pregnant women were recruited
into the study, and 44 were excluded because of
an inability to acquire good-quality volume data
sets (most were at 14-15 weeks’ gestation), fetus-
es with growth restriction (birth weight <10th
percentile), and fetal structural or chromosomal
anomalies, including congenital heart defects (5),
omphalocele (2), and a diaphragmatic hernia (1).
Of the remaining 554 measurements, the average
number of measurements per week was 20.5,
ranging from 13 to 30. The mean maternal age +
SD was 27.1 + 5.8 years (range, 15-43 years). Two
hundred fifty-nine (46.75%) were nulliparous.
For both the TAD and DAID, the internal diam-
eter was found to increase in a linear fashion
throughout the second and third trimesters
(Figure 2). The distributions of the TAD and
DAID were normal at all gestational weeks.

J Ultrasound Med 2009; 28:1651-1656

Udomwan et al

Regression analysis was used to identify the best
regression models for their relationships. The
results showed the following best fitted equa-
tions: TAD (in millimeters) =-1.01 + 1.69 (GA, in
weeks) (72 = 0.93; P < .001), and DAID (in mil-
limeters) = —0.85 + 1.54 (GA, in weeks) (7> = 0.92;
P<.001). A table of nomograms for 5th, 50th, and
95th percentile ranges for the TAD and DAID was
constructed (Table 1). The results show a gradu-
al increase in both the TAD and DAID from 14 to
40 weeks (Figure 2). The interobserver mean dif-
ferences for measurement of the TAD and DAID
were 2.6% and 2.7%, respectively, and the
intraobserver mean differences were 2.1% and
2.3%. Of interest, during the study period, 3 cases
of fetal CoA were encountered at 19, 22, and 33
weeks’ gestation. All of them had TAD and DAID
measurements below the 5th percentile.

Discussion

Although several studies on the TAD and DAID
have been published, this study is unique and
different from other previous studies in the
aspect of the planes for measurement, which
were based on cardio-STIC. Furthermore, this
study included pregnancies earlier in gestation,
a larger sample size, and examinations with a
high-resolution ultrasound machine. To our best
knowledge, normative data for the aortic arch
derived from healthy pregnancies based on eval-

Figure 1. Example of the 3 orthogonal plane views for evaluation of the aortic

arch with cardio-STIC.

DA: Ducty
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uation of the 3VT view in cardio-STIC volume
data sets have not been published previously,
and they may be helpful for prenatal diagnosis of
congenital heart defects, including abnormal
growth of the aortic arch.

Although several views and planes in the cardio-
STIC volume data set mode could be visualized
for measurement of the TAD and DAID, we pre-
ferred measurement in the 3VT view in plane A
for several reasons. In standard cardio-STIC, the
3VT view has been recommended as an essen-
tial view for evaluating cardio-STIC data sets.!!

Figure 2. Scattergrams of the TAD (A) and DAID (B) for each
gestational week. The cross marks represent values from fetus-
es with CoA.
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The 3VT view is a cross-sectional view of the
upper mediastinum, usually obtained by
scrolling the reference dot upward from the
4-chamber view. In real practice, the acquired
volume data sets are usually based on the
4-chamber view on 2-dimensional (2D) sonogra-
phy. With this acquisition, the 3VT view is associ-
ated with better resolution than the sagittal
aortic arch view, whereas the sagittal aortic arch
view gives better resolution with acquisition in
a sagittal scan of the fetal chest. Because in
common practice most sonographers prefer to
perform cardio-STIC with acquisition in the
4-chamber view, we chose to establish normative
data for TAD and DAID reference rages in the 3VT
view to be more clinically applicable.

The accuracy of the measurements was theo-
retically better than that of those derived from 2D
sonography. This is due to the fact that with
cardio-STIC, we could rotate the volume data set
and move the reference dot in 3 orthogonal
planes to control the display of the aortic arch to
be exactly vertical in plane A, the descending
aorta exactly along the coronal view in plane C,
and the midsagittal view in plane B. Visualization
of the 3 orthogonal planes at the same time can
ensure the correct position for measurement.

With the multiplanar mode, during measure-
ment in plane A, we could exactly specify the
point for measurement by showing the branch-
ing point of the common carotid and left subcla-
vian arteries in plane B and the juncture of the
ductus arteriosus and descending aorta in plane
C. This allowed us to identify the position of the
TAD (the portion located between the left com-
mon carotid and left subclavian arteries) in
plane B and measure it in plane A. The DAID
(the portion located between the left subclavian
artery and ductal entry) could be exactly identi-
fied by showing the left subclavian artery in
plane B and the ductal entry in plane A, which is
different from measurement by 2D sonography,
in which these relationships cannot be shown on
the same image at the same time. Some authors
have preferred to measure in the sagittal view of
the aortic arch, in which the neck vessel could be
easily seen,*® but in this view, the juncture point
of the ductus arteriosus and descending aorta
could not be seen. Notably, the location of the
TAD in the 3VT view (plane A) will be represent-
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ed by that reference dot at the same level in plane
B, where the dot is located between the left com-
mon carotid and left subclavian arteries, but the
measurement is performed in plane A because
the resolution in plane A is better than that in
plane B.

Of interest, both the TAD and DAID in this
study were somewhat smaller than those in
western reports.*% This may possibly have been
associated with racial factors and was consistent
with the findings reported by Noomcharoen and
Uerpairojkit,'? implying a need for population-
specific nomograms.

In the future, cardio-STIC has great potential to
be useful in confirmation of various cardiac
defects, including evaluation of the aortic arch.
We believe that the normative reference ranges
derived from cardio-STIC may be more appro-
priate for evaluation and may facilitate diag-
noses earlier in gestation.

In addition to the large sample size and exami-
nation with a high-resolution ultrasound
machine, another strength of this study was that
it was highly reliable because each measurement

Udomwan et al

was performed by an offline examination with-
out a time limit, allowing us to obtain the best
image. Moreover, the interobserver variations in
the measurements were acceptable.

Limitations of this study were that the resolu-
tion of the virtual cardiac cycle may have been
somewhat decreased in several cases secondary
to maternal or fetal movement, and it was
impossible to obtain good acquisitions in some
cases with very active fetal movement for a long
period or fetuses in positions where the heart
was poorly accessible. Additionally, even with a
high-resolution ultrasound machine, the small
structures of the aortic arch could not be clearly
visualized in the early second trimester.

In conclusion, we constructed nomograms for
the TAD and DAID at 14 to 40 weeks’ GA. These
reference ranges may be useful tools for assess-
ment of the fetal heart even in early pregnancy,
especially when CoA is suspected. However, the
effectiveness of these tools in detecting early
fetal CoA needs to be tested. This study also used
a new technique for measurement of the TAD
and DAID in cardio-STIC volume data sets.

Table 1. Calculated TAD and DAID at the 5th, 50th, and 95th Percentiles for Each GA

TAD, mm DAID, mm
GA, wk n 5th 50th 95th 5th 50th 95th
14 15 0.818 1.356 1.980 0.783 1.306 1.815
15 15 0.963 1.525 2.172 0.913 1.460 1.992
16 17 1.108 1.694 2.364 1.043 1.614  2.169
17 18 1.253 1.863 2.556 1.173 1.768 2.346
18 19 1.398 2.032 2.748 1.303 1.922 2.523
19 18 1.543 2.201 2.940 1.433 2.076 2.700
20 16 1.688 2.370 3.132 1.563 2.230 2.877
21 22 1.833 2.539 3.324 1.693 2.384  3.054
22 26 1.978 2.708 3.516 1.823 2.538 3.231
23 27 2.123 2.877 3.708 1.953 2.692 3.408
24 23 2.268 3.046 3.900 2.083 2.846 3.585
25 23 2.413 3.215 4.092 2.213 3.000 3.762
26 25 2.558 3.384 4.284 2.343 3.154  3.939
27 30 2.703 3.553 4.476 2473 3.308 4.116
28 26 2.848 3.722 4.668 2.603 3.462 4.293
29 23 2.993 3.891 4.860 2.733 3.616 4.470
30 29 3.138  4.060 5.052 2.863 3.770  4.647
31 28 3.283 4.229 5.244 2.993 3.924  4.824
32 20 3.428  4.398 5.436 3.123 4.078 5.001
33 16 3.573 4.567 5.628 3.253 4.232 5.178
34 18 3.718 4.736 5.820 3.383 4.386 5.355
35 21 3.863 4.905 6.012 3.513 4.540 5.532
36 19 4.008 5.074 6.204 3.643 4.694 5.709
37 17 4.153 5.243 6.396 3.773 4.848 5.886
38 16 4.298 5.412 6.588 3.903 5.002 6.063
39 14 4.443 5.581 6.780 4.033 5.156 6.240
40 13 4.588 5.750 6.972 4.163 5.310 6.417
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Effectiveness of Prenatal Control

of Severe Thalassemia

Abstract

Objective: To determine the effectiveness of prenatal strategy in reducing new cases of

Design:
Subjects:

Methods:

Results:

severe thalassemia

A prospective analytic study

A symptomatic pregnant women attending antenatal clinic at six tertiary
centers

The strategy included: 1) carrier identification using MCV as a screening test
for thalassemia (alpha-thal-1 and beta-thal) and CMU-E screen as a screening
test for HbE carrier, and HbA2 level measurement as a confirmatory test for
beta-thal and HbE carrier and IC strip / PCR as a confirmatory test for alpha-
thal-1 trait; assemia carrier and 2) the couples at risk were counseled and
offered prenatal diagnosis either DNA-based (CVS, amniocentesis) or fetal
blood analysis (cordocentesis), or serial ultrasound, as appropriate; and 3)
counseling for termination of pregnancy in case of affected fetus. All
neonates were evaluated for thalassemia status.

Of 8247 pregnant women were recruited, 132 couples were identified to be at
risk of fetal severe thalassemia and 128 underwent prenatal diagnoses. Of
them, 32 affected fetuses were identified and pregnancies were terminated. A
total of 5125 neonates among couples of no risk were also evaluated and none
of them was affected. The strategy had sensitivity and specificity of 100%
and 25%, respectively. The strategy could detect all of affected fetuses among
5243 fetuses with known final diagnosis.

Conclusion: The strategy could prenatally identify affected fetuses with a detection rate

and negative predictive value of 100%. However, false positive was about
75%, consistent with theoretical risk of having affected fetuses 25%. Overall,
we conclude that the strategy are very effective and are able to prenatally
detect all affected fetuses with an acceptable false positive rate.



Effectiveness of Prenatal Control
of Severe Thalassemia

Introduction

Thalassemia is the most common hematologic genetic disease in Thailand. The
prevalence of a-thalassemia-1, B-thalassemia, and HbE gene in our population is as high
as 14%, 3-9%, and 13% respectively(1;2), leading to many births of children with severe
thalassemia, including homozygous p-thalassemia, -thalassemia/HbE, and Hb Bart’s
disease. The affected persons of the first two entities have low quality of life and have
estimated average life expectancy of 10 and 30 years, respectively while Hb Bart’s
hydropic fetuses have never survived and their mothers often suffer from obstetric
complications such as pre-eclampsia, dystocia, postpartum hemorrhage due to a large
placenta, and the psychological burden for carrying a nonviable fetus to term. Each year,
our department faces about 20, 30-40, and 20-30 new cases of homozygous 3-
thalassemia, 3-thalassemia/HbE and Hb Bart’s disease, respectively. Therefore, these
three entities of severe thalassemia need to be controlled, especially by prenatal
approach(3). Currently, a number of screening tests have been developed to identify the
individuals with higher risk of thalassemia carrier and they will be confirmed for carrier
status with various tests, including DNA-based or non-DNA-based diagnosis. Likewise,
fetal diagnoses are also either DNA or non-DNA based techniques. Several studies on
fetal DNA analysis have been reported(3-7). The main advantage of this approach is the
possibility of an early prenatal diagnosis from 10-14 weeks of gestation onwards by
analysis of chorionic villi. However, a drawback is high cost, requirement of much
technical effort and impossibility to be widely available, especially in rural areas. To
date, obviously fetal DNA analysis is attractive but not effective in prevention of severe
thalassemia in larger areas, especially in developing countries. Therefore, the more
feasible methods should be sought for. Recently we have a great success in control of
severe thalassemia with simple way with much lower cost than that of DNA-based
analysis(8). This screening system may have significant false positive test, leading to
unneccessary cordocentesis. We have launched the strategy for prenatal control of severe
thalassemia in our hospital for several years. However, though we have success with
preliminary project, several problems need to be solved. For example, the strategy
allowed us making diagnosis of severe thalassemia rather late in gestation, 18-22 weeks.
Furthermore, we have not known whether the strategy is effective in term of detection
rate and false negative rate (the number of affected cases missed from the program).

In Thailand the algorithm of prenatal control of severe thalassemia is diversified.
For example, there are several screening tests for alpha / beta thalassemia including OFT,
MCV, MCH etc. Several screening tests for Hb E are available such as DCIP, KKU-
DCIP(9), or CMU-E screen test(10). Though our strategy in prevention and control has
been highly successful(11), we have changed some parts of the strategy, either screening



tests or prenatal invasive techniques, according to new accumulating evidence. Based on
our recent project regarding comparison of various tests, we found that MCV is most
cost-effective for large scale screening(12) and CMU-E screen is the best screening
method for Hb E carrier screening(13). In addition, we have also found that simple and
inexpensive immuno-chromatographic strip test for diagnosis of alpha-thall carrier has
high sensitivity (100%) and high specificity (89%)(14). This test is highly effective in
identifying cases with abnormal screening thalassemia screening for further confirmation
with PCR technique. With this approach, more than two-third of PCR tests can be
avoided.

Based on long-term and extensive studies, we have developed the strategy of
prenatal control of severe thalassemia including specific screening tests (MCV and CMU-
E screen with various options of prenatal diagnosis; CVS, amniocentesis, cordocentesis
and ultrasound examinations. However, the effectiveness of the strategy has never been
completely tested. Several studies, including our large studies, have shown high prenatal
detection rates of severe thalassemia but none has studied on couples with negative
screening test and we have never known how many new cases occur during the period of
prenatal control strategy. Therefore, we conducted this studies mainly to evaluate the
effectiveness of our strategy of prenatal control of severe thalassemia (Hb Bart’s hydrop
fetalis, homozygous B-thalassemia, and 3-thalassemia / HbE), by testing in large-scaled
population to determine the detection rate as well as new cases of severe thalassemia
occurring in the project (false negative). Therefore, in this new project, all fetuses of
screened mothers, either negative or positive screening tests, would be evaluated for
thalssemia statuses.

Materials and Methods

This prospective study was conducted in six tertiary centers in Thailand with
institute ethical approval and financial supported by Thailand Research Fund (TRF) and
the Commission on Higher Education (CHE) of Thailand. The strategy consisted of
genetic counseling, identification of pregnancy at risk, prenatal diagnosis (cordocentesis
and fetal blood analysis), and termination of affected pregnancy, as shown in the box and
figure 1. Carrier identification will be performed by prospective screening (screening
program for women at no known risk). Options for definite prenatal diagnosis for fetuses
at risk includes chorionic vilous sampling at 10-14 weeks of gestation or amniocentesis at
16-18 weeks of gestation or cordocentesis followed by fetal blood analysis with HPLC
(High Performance Liquid Chromatography) at 18-22 weeks of gestation or serial
ultrasound; depending on gestational age of known results, availability of prenatal
service, type of thalassemia risk, and couples’ preference. Termination of pregnancy is
done with conventional methods of each center and the postabortal blood analysis is done
to confirm the prenatal diagnosis.

Study population was pregnant women attending antenatal care clinic at each center
described above between August, 2008 and December, 2010. Inclusion Criteria: 1)
attending antenatal care clinic in the first half of pregnancies, 2) not anemic, defined by
hemoglobin > 10 gm/dl. Exclusion Criteria: 1) known cases of thalassemia carrier, or
loss to follow-up or the data on final pregnancy outcomes could not be obtained



Some definitions used in this study included:- o-thalassemia-1 carrier: individuals
who had deletion of both loci from one chromosome (- -/aa) or Southeast Asian Type
(SEA); B-thalassemia carrier; individuals who had heterozygous state of 3-thalassemia
gene mutation, located on chromosome 11, either B° or B*. With B-thalassemia carrier
state, hemoglobin A2 was increased to more than 4%, usually non-anemic; HbE trait:
Individuals with heterozygous state of HbE gene mutation (gene coded for codon 26 of -
globin chain, codon GAG mutated to AAG), located on chromosome 11. With HbE
trait or carrier state, hemoglobin E accounts for 25-30% of all hemoglobin; Severe
thalassemia diseases (syndromes): homozygous a-thalassemia-1 (Hb Bart’s disease),
homozygous f -thalassemia ([3-thalassemia major) and 3 -thalassemia/HbE diseases;
Mean corpuscular volume (MCYV): the mean corpuscular volume measured by
automated hematology analyzer and expressed in femtolitre unit, considered abnormal
when the measurement of less than 78 fl(15); CMU-E-screen test: A technique used to
screen individual who is HbE carrier, using microcolumn DEAE Sephadex A50
chromatography(10;16); Polymerase chain reaction (PCR) for a-thal-1 (SEA type): a
technique for amplification and analysis of DNA for a-thal-1 gene, modified from
Chang’s method(17;18) by changing the primer specific for a-thal-1 trait; Alpha-Thal
IC Strip Test: A strip test using monoclonal antibody sandwich technique to identify
minute amount of Hb Bart’s in maternal blood(19), used as a secondary screening test in
couples with positive MCV, for selecting cases to do PCR; Hb A2 test: A simple
quantitative test (using standard A, column kit; microcolumn chromatography) is used to
identify beta-thalassemia trait. The levels of normal, B-thal trait, HbE trait, and
homozygous HbE are < 4%, 4-9%, >10%, and >80%, respectively (HbA, and HbE
appear in the same location of the column). Used as a diagnostic test for 3-trait, or HbE
trait in the couple of positive MCV or positive HbE screen; Isoelectric focusing (IEF):
an electrophoretic technique with excellent resolution used to identify and quantify
hemoglobin in neonates.

Steps in the strategy: 1) Women meeting the inclusion criteria were invited to the
study and taken care as a standard antenatal care. When the written consent was obtained,
blood sample from the women as well as the husbands would be taken for screening test
of thalassemia. 2) All recruited women were counseled for screening at first visit and then
two ml of blood were obtained and tested for screening test and diagnostic test as needed.
The prospective algorithm is shown in figure 1. The couple at risk for having a baby with
severe thalassemia was a couple who both were a-thal-1 trait, both were B-trait, or one
was [B-trait while the other was HbE trait. They were at risk for having a child with Hb
Bart’s disease, homozygous [3-thalassemia or 3-thalassemia/HbE disease, respectively. In
practice, we collected blood from both of the couple at first visit, if both come together.
Most screened women had negative MCV and E-screen test and needed no husband
testing. If the woman was positive, the husband would be tested. If one of them had
negative test, they were not a couple at risk. Only when both had positive respective test,
diagnostic test would be done. Techniques for MCV measurement(15) and CMU-E-
screen test(20) were described elsewhere. 3) Pregnant women with negative both tests
would be managed as routine antenatal care. The pregnant women with positive for either
test would be asked for taking blood sample of her husband for the same screening (if the
husband did not come at the first visit). If the results indicated that the couples were at



risk for having fetuses with Hb Bart’s disease, beta-thalassemia major or beta-thalassemia
/ HbE disease, the confirmatory test for carrier status were performed , Hb A 2 levels
measurement for beta-thall trait or HbE trait AND alpha-thalassemia immunochromato-
graphic strip test (IC Strip) for alpha-thall trait. If IC strip was negative, alpha-thall trait
could be excluded and if IC strip was positive, alpha-thall trait would be confirmed by
polymerase chain reaction or PCR technique (a-thal-1; SEA type); 4) Pregnant women
with no risk were managed as routine antenatal care. If they were at risk for beta-
thalassemia major or beta-thalassemia / HbE, chorionic villous sampling or amniocentesis
or cordocentesis as appropriate for fetal diagnosis were offered. If fetuses were at risk for
Hb Bart’s disease, the options of serial ultrasound every two weeks until term or invasive
diagnosis would be offered. In cases of serial ultrasound, when sonographic markers of
fetal anemia appear, invasive diagnosis, e.g. cordocentesis, for definite fetal diagnosis
would be offered. 5) The pregnancies with unaffected fetuses were managed as routine
antenatal care. The pregnancies with affected fetuses were offered the choices of
continuing pregnancy in high risk clinic or termination of pregnancy. 6) All newborns
were taken blood (cord blood after birth) for hemoglobin typing analysis with IEF.

The Main Strategy
1) Genetic counseling
2) Identificaion of pregnancies at risk with prospective screening
Screening test
1. MCV screening for thalassemia trait (alpha-thal-1, or beta-thal)
2. CMU-E screen for HbE trait
Diagnostic test (if both of the couple were positive screening test)
1. positive for thalassemia trait screening:
HbA, (Microcolumn)
Diagnosis for a-thal-1 (IC strip/ PCR)
2. positive for CMU-E screen only: (risk for HbE trait but not no risk of)
Diagnosis for beta- and HbE trait by HbA, level (Microcolumn)
3) Prenatal diagnosis for fetuses at risk
Prenatal counseling & Prenatal diagnosis
1 Risk for beta thalassemia major, beta-thalassemia / HbE disease
e Invasive diagnosis (CVS or Amniocentesis or Cordocentesis (for fetal
DNA or fetal blood analysis as appropriate)
2 Risk for Hb Bart’s disease
e Invasive diagnosis OR
e Ultrasound at first visit (after 12 weeks)
o No ultrasound marker: repeat ultrasound every 2 weeks
o +ve for ultrasound marker: invasive fetal diagnosis
4) Counseling and termination of affected pregnancy
5) All newborns recruited into the project will undergo hematologic studies with IEF
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*Couple at risk
Homozygous [ thalassemia: {3 thal trait and {3 thal trait
B thal trait and 3 thal / HbE
B thalassemia / HbE : B thal trait and HbE trait
B thal trait and homozygous HbE
B thal trait and B thal/HbE disease
Hb Bart’s diease o thal 1 trait and o thal 1 trait

Statistical analysis: Demographic data or obstetric background would be presented
as percentage, means and standard deviation etc. Effectiveness of the prenatal control
strategy for severe thalassemia would be presented as detection rate (sensitivity) and
specificity in detecting fetuses with severe thalassemia syndrome

Results

A total of 8247 pregnant women were prospectively screened in six tertiary centers
as shown in Table 1. Of them, 2668 cases had a positive screening test and finally 132
couples were identified to be a couple at risk of severe thalassemia. Of these fetuses at
risk, 128 underwent prenatal diagnoses by chorionic villous sampling (37) cordocetesis
(45 cases), ultrasound (for fetuses at risk of Hb Bart’s disease; 40 cases), amniocentesis, 6
cases, neonatal 20 cases. The strategy could identify all of 32 affected fetuses. The
prevalence of severe thalassemia is 32 / 5253 or 0.6% pregnancies. Among 5125 neonates
of negative screening tests, no any single case of severe thalassemia was identified by
neonatal testing (IEF technique). No any new cases escape from screening program.

A total of 5125 neonates evaluated for thalassemia status, either trait or diseases, is
presented in Table 2 and 3

Though 8247 pregnant women were recruited, only women with had a positive
screening test (either for thalassemia or HbE) needed husband testing. Women with
negative for both screening tests (thalassemia test or HbE test) needed no any further test.
Therefore, not all husbands were screened. Note that 8247 pregnancies were recruited,
only 5125 neonates were successfully taken blood for hematological analysis with IEF
(isoelectric focusing). This is due to several factors including transportation problems,
failed communication between the researchers’ team and physicians taking care of the
parturients and several women did not give birth at the hospitals registered for the project.
Therefore only 5125 pregnancies were evaluated for the effectiveness of the program and
the remainders who had no final outcomes were excluded from analysis. The strategy had
a sensitivity and negative predictive value of 100%. No any affected fetus was missed
from the detection as presented in Table 4. The prevalence of severe thalassemia was 0.6
% (32/5243). All of the 30 affected fetuses were prenatally identified.



Table 1: Number of couples and neonates participating through the programs

Institute No. No. of Dx No.
of Woman carrier of Husband
Bhumibol Hospital 839 28 3
Chiang Mai University 2668 334 1692
Khonkaen University 377 124 79
Pramongkutklao Hospital 1119 74 227
Prince of Songkla University 651 123 72
Rajavithi Hospital 2593 527 814
Total 8247 1210 2887
Table 2: Number of couples and neonates participating through the programs
Participants No. of Cases

Total women prospectively screened 8247
Women with positive screening test 2668
Women with positive diagnostic test for carriers 1210
The women’s husbands screened 2887
Pregnancies with fetuses at risk (both of the couples were positive) 132
Prenatal diagnosis 128

Chorionic villous sampling 37

Amniocentesis 6

Cordocentesis 85
No prenatal diagnosis 4




Table 3: Number of couples and neonates participating through the programs

No. of HbBart’s beta- bea- Normal / Total
cases disease major thal/HbE others
Prenatal 128 10 4 18 9% 32
diagnosis
Neonatal 5125 0 0 0 5125 0
diagnosis

Table 4 Effectiveness the program in prenatal detection of severe thalassemia syndromes

. Severe No Severe
Screening tests Thalassemia Thalassemia Total
Positive test 32 96 128
Negative test 0 5125 5125
Total 32 5221 5253
Prevalence of severe thalassemia 0.6% (32/5253)

Sensitivity (32/32) 100.0 % (95% CI: 100;100)
Specificity (5125/5221) 98.2 % (95% CI: 97.7;98.5)
Positive predictive value (32/128) 25.0 % (95% CI: 17.5;32.5)

Negative predictive value (5125/5125) 100.0 % (95% CI: 100;100)

Discussion

Thalassemia is one of the most common health problems in Southeast Asia,
especially in Thailand, where the prevalence of abnormal globin genes is relatively high,
resulting in high prevalence of new cases of severe thalassemia syndrome, in particular,
Hb Bart’s disease homozygous beta-thalassemia and beta-thalassemia /HbE disease. The
ministry of Public Health had adopted a 20 year plan for control of these diseases.
Prenatal control is one of the strategies proven to be highly effective in preventing new
cases of severe thalassemia(8;11;21-23). The strategy includes carrier screening and
detection, early prenatal diagnosis for fetuses at risk, and options of control the disease
could be offered.

We have launched the strategy for prenatal control of severe thalassemia in our
hospital for more than ten years. However, though we are successful with preliminary
project, we have never known how many fetuses have been missed for prenatal diagnosis
since all algorithms or strategies in previous reports did not evaluate the neonates of the
couples with negative screening tests(8;11;23-26). Therefore, we did not know whether



these neonates had false negative test or not. To solve this problem, we need to evaluate
a large number of neonates of the couples with no risk, consuming a lot expense. This is
the first study aimed to evaluate the efficacy of the strategy by testing all newborns of the
couples either at risk or no risk. Most strategies which have been proposed have the same
principle, including identifying couple at risk, prenatal diagnosis among fetuses at risk
and offering an option of termination of pregnancy in case of affected fetuses, but various
tests of screening and confirmatory tests for carrier and obstetric invasive diagnoses may
be varied from center to center.

Mutation types of thalassemia and hemoglobinopathies are diversified around the
world. They are unique for geographical areas. For example, in southeast Asia, as well as
our country, the main severe thalassemia syndrome are Hb Bart’s disease, beta-
thalassemia major and beta-thalassemia / HbE disease, different from other parts of the
world. Each geographical area has to have its own policy for prevention and control the
new cases of the severe forms. This study is an example of successful strategy in large-
scale application. Note that, of 5,125 cases screened women with negative results, no any
single cases of severe thalassemia in newborns were identified. However, in the real
practice where laboratory quality control is not perfect, new cases of severe thalassemia
may occur. In our experience, new cases of severe thalassemia may sometime be
encountered in spite of prenatal control strategy. As seen in this study, the algorithm is
very highly effective. This suggests that the problem in control the disease is not
associated with the strategy but nature of practice without quality control.

Carrier detection in asymptomatic women can be achieved by various techniques,
for example; osmotic fragility (OF) test(11;21) or means corpuscular volume (MCV) as a
screening test for alpha-thalassemia-1 and beta-thalassemia carriers and using PCR or IC
strip/PCR for confirmation of alpha-thalassemia-1 carriers.

Unlike all previous studies in which only detection rate was evaluated, this study
also evaluated the newborns of couples at no risk. This study strongly suggests that the
prenatal control strategy is highly effective in reducing the incidence of severe
thalassemia syndrome among screened pregnancies, resulting in improving quality of life.
Hopefully, when widely implemented, the strategy could have a great good impact on
public health in geographical areas of high prevalence. We further expect that the strategy
will be the basis of model for severe thalassemia control in the future.

This strategy emphasizes on effectiveness of screening and identifying carriers and
couples at risk leading to prenatal diagnosis with several options. Note that the main fetal
diagnostic technique for fetuses at risk of beta-thalasemia major and beta-thalassemia /
HbE disease was cordocentesis with fetal blood analysis with HPLC. This is one of our
limitations since cordocentesis carries a higher rate of fetal loss than amniocentesis and is
performed rather late in gestation. Only few cases underwent CVS or amniocentesis with
DNA analysis since DNA analysis was not available in most centers. The three invasive
diagnostic techniques have their own advantages and disadvantages. A total of 40 fetuses
at risk of Hb Bart’s disease were effectively selected for cordocentesis by sonographic
markers. Cordocentesis was done in only 10 pregnancies and all are positive and
diagnosed before 22 weeks of gestation. All of the remainders with negative ultrasound
markers were finally proven to be normal. Ultrasound can effectively reduce the need of
cordocentesis leading to reduce procedure-related fetal loss.



Primary screening for alpha-thal-1 and beta-thal-1 carrier may be OF or MCV. The
detection rate may be comparable but MCV provides fewer false positive rates (15). We
prefer to use MCV because of its convenience of automated hematology analyzer. It
could be performed in the same time of routine complete blood cell counts. Likewise, Hb
E carrier could be screened by DCIP or CMU-E screen. We preferred CMU-E-screen
since its has highest sensitivity and specificity for Hb E carriers (10;13). MCV and OF
may give a false positive test in some medical disease such as iron deficiency resulting in
unnecessary further work-up but they are very sensitive.

All screening tests are very high sensitive, but not perfect. Therefore, some affected
fetuses may be missed from the screening program, as seen in real practice. However, the
strategy presented here seems to have no false negative test, no any missing case. This
might be due to too small sample size of affected fetuses to express such a low false
negative rate.

Some pitfalls should be mentioned in this study. First of all, not all fetuses were
followed-up until the final thalassemia status was tested, resulting in excluding the large
number of pregnancies and compromising the power of test. Secondly, many pregnancies
at risk did not undergo prenatal diagnosis due to several reasons, leading to exclusion
from analysis. For example, the husbands of the wives with abnormal screening test did
not come to be tested, some couples at risk did not receive prenatal diagnosis, and many
women first presented in late pregnancies.

The risk of prenatal invasive diagnosis is another subject to be seriously considered.
Though no procedure-related loss occurred in this study, this may be due to a small
number of procedures done in this study. Diagnosis with ultrasound in fetuses at risk of
Hb Bart’s disease could obviate the need for cordocentesis. Additionally, all invasive
procedures in the study presented here were performed by experienced perinatologists.
However, the procedure-related fetal loss must be taken into account for the strategy risk.
For example cordocentesis related fetal loss may be 1-2%(27-29). From our perspective,
in widely implementation, effective screening should be effectively carried out to identify
couples at risk in primary health care and invasive prenatal diagnosis should be reserved
for tertiary care center.

Fetal diagnosis could be done by DNA analysis from chorionic villi or amniocytes
to identify some specific mutation. Although this technique has been shown successful
for prenatal diagnosis(22;23;30), it is so sophisticated, expensive and time-cosuming that
could not put into practice for routine work, especially in our population which have
various mutations of beta-gene(31). Therefore, we analyzed fetal blood by differenting
hemoglobin types using HPLC which could differentiate types of hemoglobin even in
small amount with high accuracy(32;33). However, the disadvantages of this approach
are its rather late procedure and somewhat higher fetal loss when compared to
amniocentesis or chorionic villi sampling. However, various techniques of DNA analysis
for thalassemia are becoming widely developed, we hope that the technique of prenatal
diagnosis will change to the less invasive technique,such as amniocentesis, or analysis
of fetal blood in maternal serum(34;35). However, the screening test should still be
simple, rapid, and inexpensive as we have been doing.

To summarize, the strategy consisted of carrier identification, prenatal diagnosis,
and termination of pregnancy with affected fetuses. This strategy could prenatally
identify affected fetuses with a detection rate and negative predictive value of 100%.



However, false positive was about 75%, consistent with theoretical risk of having
affected fetuses 25%. The false positive results can lead to unnecessary invasive
diagnosis, carrying risk of procedure-related loss. However, of fetuses at risk of Hb
Bart’s disease, the procedure-related loss could be avoided by serial ultrasound
examination. Overall, we conclude that the strategy are very effective and are able to
prenatally detect all affected fetuses with an acceptable false positive rate.
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Abstract

Objective: To determine the accuracy of alpha-Thal Immunochromatographic (IC)
strip in diagnosis of alpha-thalassemial carrier among pregnant women, using PCR for
alpha-thalassemial (SEA type) as a gold standard.

Methods: Asymptomatic pregnant women attending antenatal care clinic were
recruited. Their blood samples were taken to for IC Strip Test (aThal IC strip, i+Med
Laboratories Company Limited) in predicting alpha-thalassemia-1 carrier and separately
sent for PCR for diagnosis of a-thalassemial carrier as a gold standard.

Results: Four hundred and ninety-nine pregnant women were recruited into the study
at various gestational weeks. The accuracy of alpha-Thal IC strip test was relatively high
as shown in table 1. Of them, 62 cases were proven to be alpha-thalassemial trait and all
of them had the results of positive IC strip, giving a sensitivity of 100%. However, 45
pregnant women of non-a-thalassemial trait had positive test, giving a specificity of
89.0%.

Conclusion: This study was solid evidence for clinical application of a-thal IC strip
in screening program of thalassemia to reduce the need for PCR in diagnosis of a-
thalassemial carrier because of its very high sensitivity. The negative test reassures the
non a-thalassemial carrier status. Moreover, due to its simplicity, convenience to use,
low cost, less-time consuming, clear interpretation and no need either for equipment or
expensive laboratories, it may probably be very helpful in massive screening program.

Key Words: Immunochromatographic strip, Thalassemia carrier, Pregnancy



Introduction

Hemoglobin (Hb) Bart’s disease (homozygous a-thalassemial) is one of the most
common hematologic genetic diseases especially in South East Asia. The prevalence of
o-thalassemial gene in our population is as high as 10-14%(1;2). Hb Bart’s hydropic
fetuses have never survived and their mothers often suffer from obstetric complications
such as pre-eclampsia, dystocia, postpartum hemorrhage due to a large placenta, and the
psychological burden for carrying a nonviable fetus to term. Each year, our department
faces about 20-30 new cases of Hb Bart’s disease. Therefore, this disease needs to be
controlled, especially by prenatal approach(3). Recently we have a great success in
control of severe thalassemia with simple way(4). However, though we have success with
preliminary project, several problems need to be solved. Prenatal diagnosis of severe
thalassemia is usually performed only on pregnant women who are at risk of having baby
with severe thalassemia, both of the couple are carriers. To achieve the goal of prenatal
control strategy, it is necessary to have a highly effective method in identifying
thalassemia carriers or a couple at risk. In diagnosis of alpha-thalassemial carriers,
various techniques of PCR (polymerase chain reaction) are most commonly used for such
a purpose and often used as a gold standard(5). However, though PCR is associated with
reliable accuracy and precision. It has some limitations, preventing them from being
widely used. For example, PCR is expensive, not widely available especially in the rural
areas, need of sophisticated laboratory and experienced or well-trained performers.
Therefore, new cheaper techniques to identify o-thal-1 carrier need to be sought for. We
recently developed a new test, Alpha Thalassemia immunochromatographic strip test
(aThal IC strip, i+Med Laboratories Company Limited) for such a purpose(6). This is a
lateral flow chromatographic immunoassay to determine Hb Bart’s in red blood cell
hemolysates, which is usually present in small amount in red blood cells of the carriers of
alpha thalassemial. This new technique is easy to perform, inexpensive, quick and no
equipment necessary and this is the world’s first alpha thalassemia
immunochromatographic strip test. Based on pilot test, alpha-Thal IC strip may have
sensitivity as high as 100% and specificity of 98%. However, alpha-Thal IC strip test has
never been tested in clinical application especially in pregnant women. Because of its
simplicity, low cost, no equipment needed, if its accuracy in diagnosis of alpha-
thalassemia 1 is comparable to PCR technique, it must be very helpful in large-scaled
screening system. Therefore, this new alpha-Thal IC strip should first be tested for its
accuracy together with standard technique to determine its accuracy before being used as
a single diagnostic test or screening test for PCR. The objective of this study was to
determine the accuracy of alpha-Thal IC strip in diagnosis of alpha-thalassemial carrier
among pregnant women, using PCR for alpha-thalassemial (SEA type) as a gold
standard.



Materials and Methods

The population for the study is pregnant women attending antenatal care clinic at first
visit at Maharaj Nakorn Chiang Mai Hospital, between October, 2007 and May, 2008.
These pregnant women were routinely screened for thalassemia carriers, as a part of
prenatal control of severe thalassemia program(7), which has been established in our
hospital for fifteen years. All pregnant women would be invited into the study. Blood
sample of 2 ml will be taken and sent separately to different laboratories for the following
tests: 1) alpha-Thal IC strip test, and 2) DNA analysis for alpha-thalassemial gene (o.-
thal-1; SEA type) by polymerase chain reaction or PCR technique. The two tests were
separately and blindly performed by the two performers at different laboratories.

The definitions used in this study are as follows: 1) a-thalassemia-1 carrier was an
individual, who had deletion of both loci from one chromosome (- -/aa) resulting in
clinically in a-thalassemia 1 trait, which is characterized by miminal hypochromic
microcytic anemia or no anemia, usually not associated with clinical abnormality and
often goes unrecognized. 2) alpha-Thal IC strip Test: The test Alpha-Thal IC Strip
(commercial set; i+LAB aThal IC strip Test) is a qualitative, lateral flow immunoassay
for the screening of minimal amount of Hb Bart’s in the specimen, 3) Polymerase chain
reaction (PCR) for a-thal-1 (SEA type): PCR in this project used the technique which
was modified from Chang’s method(5;8) by changing the primer specific for a-thal-1
trait. In normal subject, PCR product will consist of only 314 base pair type, but there are
PCR product of 314 and 188 base pair types in blood sample from alpha-thalassemial
trait.

Priciple of immunochromatographic strip test (IC strip)

The immunochromatographic (IC) strip is a qualitative, lateral flow immunoassay for
the screening of various types of soluble protein antigens. In our case, we developed an
IC strip test for determination of Hb Bart’s in blood sample.

The IC strip composes of 1) sample pad for carrying sample, 2) gold conjugate pad
which contain colloidal gold labeled anti Hb Bart’s monoclonal antibodies, 3) capture
line contains anti Hb Bart’s monoclonal antibody and this antibody is fixed on the
membrane, 4) control line contains anti mouse immunoglobulin antibody and this
antibody is also fixed on the membrane and 5) absorbing pad (Figure 1).

As the blood sample (hemolysate) diffuses through the absorbent test strip, in the
presence of Hb Bart’s in the blood sample, the colloidal gold labeled anti Hb Bart’s
monoclonal antibodies (in the gold conjugate pad) bind to the Hb Bart’s in the specimen
forming an antibody-antigen complex. This complex then binds to the anti Hb Bart’s
antibody in the capture (test) line and expresses a purple-red band. The absence of a
colored band in the test region indicates a negative result. The reaction mixture continues
flowing through the absorbent device past the capture and control lines. Unbound
conjugate binds to the anti-mouse immunoglobulin antibody in the control line,
producing a pink color band, demonstrating that the reagents and test strip are functioning
correctly. Figure 2 shows conjugate actions in immunochromatographic strip test for
negative and positive reading.
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Screening of a-thalassemia 1 by alpha-Thal Immunochromatographic (IC) strip
test: 100 pl of EDTA-blood sample and 100 pl of RBC lysis buffer (1% TritonX-100 in
distilled water) was added into a 96-well plate and mixed thoroughly. The IC strip was
then immersed vertically in the hemolzyed blood for 2-5 minutes with the arrows on the
strip pointing down. After that, the strip was removed and washed until the background
was clear using washing buffer (0.05% Tween-PBS) and a wash bottle. The test result
was then be read visually. For a positive result, two pink color bands appeared, one at the
capture line zone and one the control line zone. For a negative result, only one pink color
band was observed in the control line zone.

Main outcome measure was accuracy of alpha Thal IC strip in predicting alpha-
thalassemial carriers which was calculated and presented as sensitivity, specificity,
positive predictive value and negative predictive value.

This study was approved by the Research Ethics Committee, Faculty of Medicine,
Chiang Mai University (Study code: 07SEP051347)

Results

Four hundred and ninety-nine pregnant women were recruited into the study at
various gestational weeks. The accuracy of alpha-Thal IC strip test was relatively high as
shown in table 1. Of them, 62 cases were alpha-thalassemial trait and all of them gave
the results of positive IC strip, sensitivity of 100%. However, 45 pregnant women who
were proven to be non-a-thalassemial trait gave positive test (false positive rate of 11%).
The alpha-Thal IC strip test had specificity of 89.0%.

Table 1: The accuracy of alpha-Thal IC Strip in predicting a-thalassemial carrier
among total obstetric population, using PCR as a gold standard

PCR
IC-Strip Total
Pos Neg
Positive 62 48 110
Negative 0 389 389
Total 62 437 499

Sensitivity: 100% (62/62)

Specificity: 89.0% (389/437)

Positive predictive accuracy: 56.4% (62/110)
Negative predictive accuracy: 100.0% (389/389)
Accuracy 90.0% (451/499) 95% CI: (87.4-92.8%)
Prevalence 12.4% (62/499) 95% CI: (12.4-12.4%)



Discussion

This is the first report on evaluation of the accuracy of IC strip in detection of Hb
Bart’s in blood samples, and it suggests that IC strip has a potential role in clinical
application for identifying alpha-thalassemial trait which plays an important role in
prenatal control of severe thalassemia syndrome. IC strip test is developed to determine
small amount of Hb Bart’s qualitatively. Therefore any conditions or diseases with the
presence of Hb Bart’s will yield a positive test. Minimal concentration of Hb Bart’s in red
blood cells is rather specific for alpha-thalassemial trait, though other rare conditions can
also be positive. If this test is specific for alpha-thalassemial trait, it will be extremely
useful in clinical application to screen or diagnose for alpha-thalassemial carrier.

In diagnosis of alpha-thalassemial carriers, various techniques of PCR (polymerase
chain reaction) are most commonly used for such a purpose and often used as a gold
standard(5;7;9-12). However, though PCR is associated with reliable accuracy and
precision, it has some limitations, preventing them from being widely used. For example,
PCR technique is expensive, not widely available especially in the rural areas, need of
sophisticated laboratory and experienced or well-trained performers. Therefore, a cheaper
new test, alpha-Thal IC strip test has been developed for this purpose (6). However,
alpha-Thal IC strip test has never been tested in clinical application especially in pregnant
women. Therefore, this new IC strip should first be tested for its accuracy together with
standard technique to evaluate its accuracy before clinical application.

Our results indicated that the IC strip test is very sensitive. All cases with a-
thalassemial trait gave a positive result. However, it is not highly specific since several
cases other than alpha-thalassemial trait could have positive reactivity. Not all positive
tests were a-thalassemial trait. This is due to the fact that some rare conditions may have
small amount of Hb Bart’s in circulation such as Hb H (o thal 1 / o thal 2), Hb H-CS (a
thal 1 / Hb Constant Spring), AE Bart’s disease (Hb H disease + HbE trait) and
homozygous alpha-thalassemia2 (6). Apparently, IC strips could not replace PCR as a
diagnostic test since it has some false positive tests. However, it may be used as screening
test for PCR. Due to very high negative predictive value, negative IC strip may obviate
the need of PCR. With this approach, PCR could be avoided in more than two-thirds of
cases with positive screening test. Its perfect sensitivity and negative predictive value
make this test very valuable in identifying cases for further confirmation with PCR and
the reduction in expense in prenatal control would be substantial.

PCR we used as gold standard in this study was specific only for SEA type a-
thalassemial trait. We don’t test for other variants of mutations. Since this is the only
type we are concerned. Therefore, it is possible that a-thalassemial carrier of other
mutation can be missed and this will explain false positive of unknown in some tests. On
the other hand, IC strip may also be helpful in other mutations of a-thalassemial since it
tests the presence of Hb Bart’s in red blood cells regardless mutation types.

The strength of this study was associated with high reliability of laboratory testing
since the technicians performed IC strips and PCR were blinded to each other. Moreover,
the sample size was adequate. The result from this study was solid evidence for clinical
application of alpha-thal IC strip in screening program of thalassemia to reduce the need
for PCR in diagnosis of a-thalassemial carrier. The negative test reliably excludes alpha-
thalassemial carrier status whereas no any single case of alpha-thalaseemial carrier will
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be missed. Moreover, due to its simplicity, convenience to use, low cost, less-time
consuming, clear interpretation and no need either for equipment or expensive
laboratories, it may probably be very helpful in massive screening program.

In conclusion, though, alpha-thal IC could not replace PCR. The result from this
study was solid evidence for clinical application of alpha-thal IC strip in screening
program of thalassemia to reduce the need for PCR in diagnosis of a-thalassemial carrier
especially in the case of negative test for alpha-thal IC because of its very high negative
predictive value. The negative test reassures the non a-thalassemial carrier status.
Moreover, due to its simplicity, convenience to use, low cost, less-time consuming, clear
interpretation and no need either for equipment or expensive laboratories, it may probably
be very helpful in massive screening program, Alpha-thal IC strip has potential to play an
important role to reduce the cost of prenatal control strategy. We believe that alpha-thal
IC strip can contribute to the strategy to be the cheapest prenatal control program ever
done.
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Splenic Circumference at Midpregnancy as
a Predictor of Hemoglobin Bart’s Disease
among Fetuses at Risk

Abstract

Objective:  To determine the accuracy of splenic circumference in predicting
hemoglobin (Hb) Bart’s disease among fetuses at risk at mid-pregnancy

Materials & Methods: Singleton pregnancies with fetal risk of Hb Bart’s disease
were enrolled to the study at 18-22 weeks of gestation. All underwent splenic
circumference measurement before cordocentesis for fetal blood analysis. The final
diagnosis used as a gold standard was based on fetal hemoglobin typing using high
performance liquid chromatography (HPLC).

Results: Of pregnancies recruited, the prevalence of Hb Bart’s disease was
26.1% (87/334 fetuses). Twenty-four fetuses (27.6%) had some degree of hydopic
changes. Notably, of these 24, 22 showed splenomegaly as well. When hydropic
fetuses were excluded, the sensitivity, specificity, positive predictive value and
negative predictive value of splenic circumference in identifying affected fetuses was
68.3%, 83.0%, 50.6% and 91.1% respectively.

Conclusion: Splenic circumference measurement at mid-pregnancy may be helpful in
distinguishing affected fetuses from those unaffected. Among couples at risk with
normal splenic size, the risk of having an affected child is much lower whereas the
enlarged spleen places the pregnancy to be at a higher risk. This information may help
the couples make decision on invasive diagnosis or non-invasive approach.



Introduction

Hb Bart’s disease (homozygous a-thalassemia-1) is the most common cause of
hydrops fetalis in South East Asia(1-4). With population migrations during the past
decade, this disease is now seen in increasing number in other parts of the world. The
affected fetuses are inevitably either stillborn or die shortly after birth(4).
Moreover, serious maternal complications are frequently seen in pregnancies with
affected fetuses, including severe preeclampsia, dystocia, postpartum hemorrhage
due to large placenta and the psychological burden for carrying a nonviable fetus to
term. It is therefore essential that prenatal diagnosis and early termination of the
pregnancy be recommended. Currently, several sonographic markers may be helpful
in predicting fetal Hb Bart’s disease before hydropic changes occur(5;6). However,
the effectiveness of splenic size measurement has never been evaluated. Splenic
enlargement associated with extramedullary erythropoiesis secondary to fetal anemia
due to either Hb Bart’s disease or Rh alloimmunization has already been known.
Some authors demonstrated that the splenic size could identify affected pregnancies
with high sensitivity and specificity but they included only patients at late pregnancies
and focused on fetuses at risk of Rh alloimmunization(7;8). Although the classic
hydropic changes due to Hb Bart’s disease is likely to occur after 20 weeks(9), our
extensive experience of prenatal diagnosis by fetal blood analysis at 16-22 weeks
suggests that fetal splenic size measurement may be useful in differentiating normal
fetuses from affected fetuses. We hypothesize that splenic circumference
measurement may be useful in identifying fetal Hb Bart’s disease among fetuses at
risk. The objective of this study was to evaluate the efficacy of fetal sonographic
splenic size at midpregnancy in predicting fetal Hb Bart’s disease before the
appearance of classic ultrasound findings of hydrops fetalis.

Materials and Methods

This study was conducted at Maharaj Nakorn Chiang Mai Hospital, Department of
Obstetrics and Gynecology, Faculty of Medicine, Chiang Mai University with an
approval of the research ethical committee. Pregnancies were recruited to the study
with written informed consent and met the following inclusion criteria: 1) fetuses at
risk of Hb Bart’s disease (both of the couples were a carrier), 2) gestational age of 18-
22 weeks, based on a reliable last menstrual period or sonographic biometric
measurements in the first half of pregnancy, 3) singleton pregnancies, 4) fetal
diagnosis of Hb Bart’s disease on the basis of cordocentesis and fetal blood analysis
with high-performance liquid chromatography (HPLC). Before cordocentesis,
standard ultrasound examination was performed for fetal biometry and anomaly
screening as well as splenic circumference measurement. Pregnancies with fetal
chromosome abnormalities or anomalies other than Hb Bart’s disease were excluded
from analysis. All ultrasound examinations were performed by the authors using
transabdominal real-time scanners with Aloka SSD alpha-10 model (Aloka Co, Ltd,
Tokyo, Japan) or GE Voluson E8 (GE Healthcare, USA), having a transducer
frequency of 3.5 MHz were performed by the authors. The sonographic images and
measurements were automatically, digitally recorded for subsequent analysis. On the
splenic measurement, the ultrasound transducer was oriented to obtain the transverse
view of the fetal upper abdomen and then the fetal spleen was identified as a crescent-
shaped or triangular structure with homogeneous echo density, nearly or slightly
echogenic than the liver, posterior to the fluid-filled stomach and lateral to the left
adrenal gland. The splenic circumference was measured by the manual trace method



(Figure 1). The three best measurements were digitally recorded in the computerized
record form and subsequently averaged for analysis. Splenomegaly or abnormally
enlarged splenic size was defined as a splenic circumference of larger than 95h
percentile based on normal reference ranges derived from our own population(10).
Baseline demographic and obstetric data of the pregnant women were also recorded
digitally at the same time. The pregnant women were treated as standard antenatal
care. The stored data were analyzed for the efficacy of fetal splenic circumference in
predicting fetal Hb Bart’s diseases, using the statistical package for the social sciences
(SPSS) version 17.0 (Chicago, IL). The measurement outcomes were presented as
sensitivity, specificity, positive and negative predictive value.

Figure 1: Measurement of the fetal spleen in a normal fetus at 20 weeks of gestation
(upper) and a fetus with hemoglobin Bart’s disease at 19 weeks of gestation
(lower)

Results

During the study period (June 2007 - February 2010), 355 pregnancies at risk for
having fetuses with Hb Bart disease were recruited to the study. Three hundred and
thirty-four were sonographically evaluated at 18-22 weeks and underwent
cordocentesis with available final diagnosis. Of these, 87 were finally proved to be
affected by Hb Bart disease, and the remainders were unaffected. Mean gestational
age (£SD) was 19.8+1.2 weeks and 20.11+1.3 weeks for normal and affected
pregnancies, respectively (Student’s t test; p > 0.05). The mean maternal age was 27.0
years, no difference between the two groups. Of them, 42.5% were nulliparous and



57.5% were multiparous. No serious maternal complications, such as pregnancy-
induced hypertension, were noted at midpregnancy. The mean (+SD) splenic
circumference in normal fetuses and fetuses with Hb Bart’s disease were 4.3+1.5 and
6.7+1.5 cms, respectively, (Student’s t test; p < 0.001), as presented in Figure 2.

The sensitivity and specificity of splenic circumference in differentiating
fetuses with Hb Bart disease from the unaffected ones are summarized in Table 1.
Among all fetuses at risk, the splenic circumference had sensitivity of 70.1% and a
specificity of 83.0%. Twenty-four fetuses (27.6%) had some degree of hydops fetalis,
such as minimal ascites or pleural effusion. Notably, of these 24, 22 showed
splenomegaly as well.

When hydropic fetuses were excluded, the sensitivity, specificity, positive
predictive value and negative predictive value of splenic circumference in identifying
affected fetuses was 68.3%, 83.0%, 50.6% and 91.1% respectively.

Figure 2: Scattergram of the measurement values of fetal splenic circumference of
normal fetuses and fetuses with hemoglobin Bart’s disease
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Table 1 Diagnostic indices of splenic circumference in predicting Hb Bart’s disease

Splenic Hb Bart’s disease No Hb Bart’s Total
circumference disease
Positive 61 42 103
Negative 26 205 231
Total 87 247 334

Prevalence: 26.1% (87/334)
Sensitivity: 70.1% (61/87) (95% CI: 60.5-79.7%)
Specificity: 83.0% (205/247) (95% CI: 78.3-87.7%)

Positive predictive value: 59.2% (61/103) (95% CI: 49.7-68.7%)

Negative predictive accuracy: 88.7% (205/231) (95% CI: 82.6-94.8%)

Table 2 Diagnostic indices of splenic circumference in predicting Hb Bart’s disease

Splenic Hb Bart’s disease No Hb Bart’s Total
circumference disease
Positive 43 42 85
Negative 20 205 225
Total 63 247 310

Prevalence: 20.3% (63/310)
Sensitivity: 68.3% (43/63) (95% CI: 56.8-79.7%)
Specificity: 83.0% (205/247) (95% CI: 78.3-87.7%)

Positive predictive value: 50.6% (43/85) (95% CI: 40.0-61.2%)

Negative predictive accuracy: 91.1% (205/225) (95% CI: 85.1-97.2%)




Discussion

As already known, fetal anemia secondary to various causes usually leads to
extramedullary erythropoesis resulting in splenic enlargement. Therefore,
theoretically, splenic size assessment may probably be effective in identifying fetal
anemia. Previous studies showed that the splenic size was highly effective in
identifying fetuses affected by Rh alloimmunization(7;8). Oepkes et al. (8) found that
splenic circumference was an excellent predictor of severe anemia (hemoglobin
deficit > 5 SD from normal mean) in 44 of 47 cases, a positive predictive value of
94%. However, though consistent with those in previous studies, our results indicated
that splenic size measurement was not as excellent predictor of anemia as seen in
Oepkes’s and Bahado-Singh’s report which was studied in late gestation. This may be
due to the fact that splenic size at midpregnancy (18-22 weeks of gestation) may be
not as sensitive in differentiating affected from unaffected fetuses as in later
pregnancy. At mid-pregnancy, most fetuses with Hb Bart’s disease do not develop
hydropic changes yet and fetal anemia may not so severe at this stage of pregnancy.
Additionally, splenic circumference values are signficantly overlapped among
affected and unaffected fetuses. However, we believe that in advanced gestational age
when the fetal anemia becomes more severe, splenic circumference is likely to have
higher sensitivity and specificity in predicting anemia.

Among fetuses at risk, at mid-pregnancy, splenic circumference can
distinguish fetuses with Hb Bart’s disease with sensitivity of 70% and specificity of
83%. This suggests that splenic size assessment may not be a good screening tool in
indentifying affected fetuses when compared to cardiothoracic ratio(5;11) or middle
cerebral artery peak systolic velocity(12). However, this may be useful as an adjunct
with other sonographic markers in identifying fetal anemia especially in fetuses at risk
but it should not be used alone. Though splenic circumference may be not a perfect
tool in predicting Hb Bart’s disease, it is simple and is likely to be useful when
combined with other parameters. It is important to emphasize that normal splenic
circumference at 18 to 22 weeks reduces the probability that a fetus is affected by the
disease and may obviate the need for invasive procedures to confirm normality,
especially in case of no other sonomarkers such as cardiomegaly of placentomegaly,
although follow-up sonographic examinations may be required.

The strength of this study include 1) the largest sample size of pregnancy at
risk ever done, 2) a prospective nature in which the examiners did not know the
diagnosis at the time of ultrasound examination, and finally 3) the normative
reference ranges of splenic size were based on our own data, derived from the same
population as the study group. The weakness of this study is that it may have included
bias in the measurement of splenic circumference. The measurement was not a
completely blind method since the examiner could visualize the morphology of the
fetuses, especially cardiomegaly on sonographic imaging. Therefore, signs of early
hydropic change in affected fetuses, such as cardiomegaly or placentomegaly, could
have been visible in some cases and the diagnosis of Hb Bart’s in such fetuses might
have been anticipated. Additionally, interobserver variation among the sonologists
was not tested.

In conclusion, splenic size assessment at mid-pregnancy can be helpful in
differentiating affected fetuses from those unaffected, although not absolutely.
Among couples at risk with normal splenic size, the risk of having an affected child is
much lower whereas the enlarged spleen places the pregnancy to be at a higher risk.
This information may help the couples make decision on invasive diagnosis or non-
invasive approach.
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Reference ranges of fetal aortic and pulmonary valve

diameter derived by STIC from 14 to 40 weeks of gestation

Fuanglada Tongprasert, Kasemsri Srisupundit, Suchaya Luewan, Supatra Sirichotiyakul,
Wirawit Piyamongkol, Chanane Wanapirak and Theera Tongsong*

Department of Obstetrics and Gynecology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Objective To develop reference ranges of fetal aortic and pulmonary valve diameter derived from volume
datasets of spatio-temporal image correlation (STIC).

Methods A cross-sectional study was undertaken on low-risk pregnancies with well-established data from 14
to 40 weeks. Volume datasets of STIC were acquired for subsequent off-line analysis. Aortic and pulmonary
valve diameters were measured in STIC multiplanar view using 4D-View version 9. Normal Z scores and
centile reference ranges were constructed from these measurements against gestational age (GA) and biparietal
diameter (BPD) as independent variables, using regression models for both mean and SD.

Results A total of 606 volume datasets were successfully measured. Normal reference ranges for predicting
mean values and SD of aortic and pulmonary valve diameter were constructed based on best-fit equations
(linear function) as follows: mean aortic diameter (mm) was modeled as a function of GA (weeks) and
BPD (mm) as —2.4838 4+ 0.2702 x GA, (SD =0.1482 4+ 0.0156 x GA) and —1.5952 + 0.0989 x BPD
(SD = 0.1672 4+ 0.00572 x BPD). Mean pulmonary diameter was modeled as —2.5924 4 0.2935 x GA (SD
=0.2317 4+ 0.01524 x GA) and —1.6830 + 0.1083 x BPD (SD = 0.1971 + 0.0059 x BPD).

Conclusion We have provided nomograms and Z scores of fetal aortic and pulmonary valve diameters. These
reference ranges may be a useful tool in the assessment of fetal cardiac abnormalities. Copyright © 2011 John
Wiley & Sons, Ltd.

KEY WORDS: aortic valve; prenatal; pulmonary valve; reference range; spatio-temporal image correlation (STIC);

4D-ultrasound; Z scores

INTRODUCTION

Measurement of the size of the heart structures has been
a part of the fetal echocardiography to make diagno-
sis and evaluate prognosis of the disease (Rychik et al.,
2004; Anon, 2006). In diagnosis of anomalies of the
great vessels, such as aortic stenosis, coarctation of the
aorta, pulmonary atresia, and tetralogy of Fallot, size
of the aortic and pulmonary valves need to be accu-
rately measured and compared with the normal val-
ues. Previous publications have reported fetal aortic and
pulmonary valves’ reference ranges in percentile refer-
ence charts (DeVore et al., 1985; Sharland and Allan,
1992; Tan et al., 1992; Shapiro et al., 1998). Though
several reports on reference ranges of aortic and pul-
monary valves have been published, only the studies by
Schneider et al. (2005) and Lee et al. (2010) provide
Z scores as a quantitative assessment for clinical prac-
tice, allowing for a more precise evaluation of complex
cardiac defects that severely alter cardiac dimensions.
Indeed, Z scores allow the examiner to quantify car-
diac dimensions and are not limited by traditional confi-
dence intervals, as was the case in previous publications
(DeVore et al., 1985; Sharland and Allan, 1992; Tan

*Correspondence to: Theera Tongsong, Department of Obstetrics
and Gynecology, Faculty of Medicine, Chiang Mai University,
Chiang Mai 50200, Thailand.

E-mail: ttongson@mail.med.cmu.ac.th

Copyright © 2011 John Wiley & Sons, Ltd.

et al., 1992; Shapiro et al., 1998). However, Schneider’s
study suffers from a small sample size (Lee et al., 2010),
whereas the large study reported by Lee ef al. (2010) is
based on a retrospective assessment of their database.
Additionally, the new Z score reference ranges in such
studies (Schneider ef al., 2005; Lee et al., 2010) were
derived from two-dimensional (2D) fetal echocardiogra-
phy, in which it is relatively hard to get precise planes
for cardiac studies compared with the four-dimensional
(4D) ultrasound with spatio-temporal image correlation
(STIC). With STIC, the interested structures are dis-
played in all dimensions allowing more accurate mea-
surements (Chaoui and Heling, 2005). Therefore, we
conducted this study to develop the Z-score and cen-
tile reference ranges for fetal aortic and pulmonary
valves diameter derived from 4D-STIC with adequate
sample size.

MATERIALS AND METHODS

This cross-sectional descriptive study was undertaken
between 1 September 2007 and 31 October 2009 at
Maharaj Nakorn Chiang Mai Hospital, Chiang Mai
University, Thailand. Low-risk pregnant women were
recruited from our prenatal care clinic with writ-
ten informed consents. The inclusion criteria were
as follows: (1) gestational age (GA) between 14 and
40 weeks, (2) no known medical and obstetric

Received: 19 September 2010
Revised: 22 December 2010
Accepted: 23 December 2010
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Figure 1—Examples of fetal aortic (left) and pulmonary (right) valve diameter displayed and measured in multiplanar views of STIC. (RV: right
ventricle, LV: left ventricle, Ao: aorta, PA: pulmonary artery, RPA: right pulmonary artery)

Table 1—Aortic and pulmonary valve diameter (mm) as a function of gestational age (week) (n represents the sample size for

each gestational weeks)

Aortic valve diameter (mm)

Pulmonary valve diameter (mm)

GA (week) n  25th  5th 10th  50th  90th  95th  97.5th 2.5th  5th 10th 50th  90th  95th  97.5th
14 15 06 07 08 1.3 1.8 1.9 20 06 08 09 1.5 2.1 22 24
15 15 0.8 09 1.1 1.6 2.1 22 23 0.9 1.1 1.2 1.8 24 2.6 2.7
16 17 1.1 12 13 1.8 23 25 2.6 1.2 1.3 1.5 2.1 2.7 29 3.0
17 18 1.3 14 1.6 2.1 2.6 2.8 29 1.4 1.6 1.8 24 3.0 32 3.4
18 19 1.5 1.7 1.8 24 29 3.1 32 1.7 1.9 20 2.7 33 35 3.7
19 18 1.8 19 21 2.7 32 34 35 2.0 21 23 3.0 3.7 3.8 4.0
20 16 2.0 22 23 29 35 3.7 3.8 22 24 26 33 4.0 4.2 43
21 22 23 24 26 32 3.8 4.0 4.1 25 27 29 3.6 43 4.5 4.7
22 26 25 27 28 35 4.1 43 4.4 2.8 29 31 39 4.6 4.8 5.0
23 27 2.7 29 31 3.7 4.4 4.6 4.7 3.0 32 34 4.2 4.9 5.1 53
24 33 3.0 31 33 4.0 4.7 4.9 5.0 33 35 37 4.5 52 54 5.6
25 33 32 34 36 43 5.0 52 53 35 37 4.0 4.7 55 5.8 59
26 25 35 36 38 4.5 53 55 5.6 3.8 40 42 5.0 5.8 6.1 6.3
27 30 3.7 39 41 4.8 5.5 5.7 59 4.1 43 45 53 6.2 6.4 6.6
28 26 39 41 43 5.1 5.8 6.0 6.2 43 45 48 5.6 6.5 6.7 6.9
29 23 42 44 46 54 6.1 6.3 6.5 46 48 5.1 59 6.8 7.0 7.2
30 29 44 46 48 5.6 6.4 6.6 6.8 4.9 51 53 6.2 7.1 7.3 7.6
31 35 4.7 49 51 59 6.7 6.9 7.1 5.1 53 56 6.5 7.4 7.7 7.9
32 26 49 51 53 6.2 7.0 7.2 7.4 54 56 59 6.8 7.7 8.0 8.2
33 27 5.1 53 56 6.4 7.3 7.5 7.7 5.7 59 62 7.1 8.0 8.3 8.5
34 22 54 56 58 6.7 7.6 7.8 8.0 5.9 62 64 7.4 8.3 8.6 8.9
35 28 5.6 58 6.1 7.0 7.9 8.1 8.3 6.2 64 6.7 7.7 8.7 8.9 9.2
36 24 59 6.1 63 7.2 8.2 8.4 8.6 6.4 6.7 7.0 8.0 9.0 9.3 9.5
37 22 6.1 63 6.6 7.5 8.4 8.7 8.9 6.7 70 72 8.3 9.3 9.6 9.8
38 14 63 6.6 6.8 7.8 8.7 9.0 9.2 7.0 72 15 8.6 9.6 9.9 10.2
39 9 6.6 68 7.1 8.1 9.0 9.3 9.5 7.2 75 7.8 8.9 99 102 10.5
40 7 6.8 71 73 8.3 9.3 9.6 9.8 7.5 78 8.1 9.1 10.2 105 10.8

complications, and (3) reliable GA based on regular
menstrual cycle and certain last menstrual period con-
sistent with sonographic fetal biometry in the first half
of pregnancy. The exclusion criteria were (1) multifetal
pregnancy, (2) fetal anomalies, (3) abnormal fetal
growth (either fetal growth restriction or macroso-
mia), and (4) satisfactory 4D-STIC volume datasets not
obtainable.

4D-STIC volume datasets were obtained using real-
time equipment with transabdominal 2 to 5 MHz curvi-
linear transducers, Voluson E8 (GE Healthcare, USA).
In each examination, a standard ultrasound examina-
tion, including fetal biometry and anatomical survey,
was first performed. 4D volume datasets of the fetal

Copyright © 2011 John Wiley & Sons, Ltd.

heart were acquired with transverse sweeps through the
fetal chest in which the regions of interest (ROI) were
properly selected including either the apical or sub-
costal heart views. Acquisition time ranged from 7.5
to 15 s and the angle of acquisition ranged between
20° and 40° depending on fetal motion and GA. All
of the volume datasets were stored in the ultrasound
machine hard disk for subsequent off-line analysis using
a 4D view version 9.0 (GE Medical Systems, Zipf, Aus-
tria). The systematic approach for visualization of the
great vessels in multiplanar display was performed oft-
line to identify aortic and pulmonary valve as described
by Goncalves et al. (2006), or DeVore et al. (2004),
as shown in Figure 1. The greatest dimensions of the

Prenat Diagn (2011)
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Table 2— Aortic valve diameter (mm) as a function of biparietal diameter (mm)

BPD 25th  S5th 10th  50th  90th 95" 97.5th BPD 25th  S5th 10th  50th  90th 95"  97.5th
25 03 04 05 09 13 14 15 61 34 36 38 44 51 53 54
26 04 05 06 10 14 15 16 6 35 37 39 45 52 54 56
27 04 05 07 11 15 16 17 63 36 38 40 46 53 55 57
28 05 06 08 12 16 17 18 64 37 39 41 47 54 56 58
29 06 07 08 13 17 18 19 65 38 39 41 48 55 57 59
30 07 08 09 14 18 19 20 66 39 40 42 49 56 58 60
31 08 09 10 15 19 20 21 67 40 41 43 50 57 59 6l
32 09 1.0 L1 16 20 21 23 68 40 42 44 51 58 60 62
33 10 L1 12 17 21 23 24 69 41 43 45 52 59 62 63
34 1112 13 18 22 24 25 70 42 44 46 53 61 63 64
35 L1 13 14 19 23 25 26 71 43 45 47 54 62 64 66
36 12 14 15 20 24 26 27 72 44 46 48 55 63 65 67
37 13 14 16 21 25 27 28 73 45 47 49 56 64 66 68
38 14 15 17 22 27 28 29 74 46 48 50 57 65 67 69
39 15 16 18 23 28 29 30 75 47 48 51 58 66 68 70
40 16 17 19 24 29 30 31 76 47 49 52 59 67 69 1.l
41 17 18 19 25 30 31 32 77 48 50 52 60 68 70 72
42 18 19 20 26 31 32 34 78 49 51 53 61 69 71 73
43 18 20 21 27 32 33 35 79 50 52 54 62 70 712 74
44 19 21 22 28 33 34 36 8 51 53 55 63 71 13 15
45 20 22 23 29 34 36 37 8 52 54 56 64 12 15 17
46 21 22 24 30 35 37 38 8 53 55 57 65 13 716 18
47 22 23 25 31 36 38 39 8 54 56 58 66 714 17 19
48 23 24 26 32 37 39 40 8 54 56 59 67 15 18 80
49 24 25 27 33 38 40 41 8 55 57 60 68 16 79 81
50 25 26 28 33 39 41 42 8 56 58 61 69 78 80 82
51 25 27 29 34 40 42 43 8 57 59 62 70 719 81 83
52 26 28 30 35 41 43 45 8 58 60 62 71 80 82 84
53 27 29 30 36 42 44 46 89 59 61 63 72 81 83 85
54 28 30 31 37 44 45 47 90 60 62 64 73 82 84 86
55 29 31 32 38 45 46 48 91 61 63 65 74 83 85 88
56 30 31 33 39 46 47 49 92 61 64 66 15 84 86 89
57 31 32 34 40 47 49 50 93 62 65 67 76 85 88 90
58 32 33 35 41 48 50 51 9% 63 65 68 77 86 89 91
59 33 34 36 42 49 51 52 95 64 66 69 78 87 90 92
60 33 35 37 43 50 52 53 9% 65 67 70 79 88 91 93

aortic valve and pulmonary valve were obtained by
minutely maneuvering the volume dataset in both the
panel A and B of the multiplanar view. The diame-
ters of the aortic valve and pulmonary valve annuli
were measured from inner edge to inner edge at end-
systole.

Statistical methodologies were utilized to develop Z-
scores reference intervals using the statistical package
for the social sciences (SPSS) version 17.0 (Chicago,
USA) following the instruction published by Royston
and Wright (1998). Briefly, models for the dependence
of aortic and pulmonary valve diameter on GA and on
biparietal diameter (BPD), and their standard deviations,
were selected by the successive testing of the highest-
order coefficient of cubic, quadratic and linear models
for significant difference from zero. Normality and good-
ness of fitted regression models were assessed by exam-
ination of the scatter patterns of points relative to fitted
means and standard deviations expressed as Z scores
(measured value — estimated mean/estimated SD). Z
scores were tested for normality using Sharpiro—Wilk
W test and QQ plots. The centile curves and nomo-
grams were constructed from the formula: Centile =

Copyright © 2011 John Wiley & Sons, Ltd.

mean + K x SD (K was the corresponding centile of
the standard Gaussian distribution).

RESULTS

A total of 654 4D-STIC volume datasets were acquired
and available for off-line analysis; however, only 606
volume datasets were satisfactorily measured for the aor-
tic and pulmonary valve diameter. The mean maternal
age was 27 £ 6 years (range 15-43) and most of them
(59%) were nulliparous. The distribution of the partici-
pants in each GA is shown in Table 1.

A best described linear regression model predicted
mean values and standard deviations (SD) of both
fetal aortic and pulmonary valve diameter based on
gestational weeks and BPD (Tables 1-3 and Figure 2).
The best fitted equations for SD were derived from
regression of scaled absolute residuals (SARs) which
were calculated as: SAR = 1.25 x Abs (measured value
— predicted value). These were found to be suitably
represented by a linear relationship with GA as well as
BPD, resulting in the equation for the SD as presented in

Prenat Diagn (2011)
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Table 3—Pulmonary valve diameter (mm) as a function of biparietal diameter (mm)

BPD 25th  5th 10th  50th  90th 95"

BPD 25th  S5th 10th  50th  90th 95"  97.5th
25 03 05 06 10 L5 L6 17
26 04 06 07 L1 16 17 18
27 05 07 08 12 L7 18 19
28 06 08 09 13 18 19 21
29 07 09 10 15 19 21 22
30 08 1.0 L1 16 20 22 23
31 09 10 12 17 22 23 24
32 10 L1 13 18 23 24 25
33 L1 12 14 19 24 25 27
34 12 13 15 20 25 27 28
35 13 14 16 21 26 28 29
36 14 15 17 22 27 29 30
37 15 16 18 23 29 30 31
38 16 17 19 24 30 31 33
39 17 18 20 25 31 32 34
40 18 19 21 26 32 34 35
41 19 20 22 28 33 35 36
42 20 21 23 29 34 36 37
43 21 22 24 30 36 37 39
44 22 23 25 31 37 38 40
45 23 24 26 32 38 40 4l
46 24 25 27 33 39 41 42
47 25 26 28 34 40 42 43
48 26 27 29 35 41 43 45
49 27 28 30 36 42 44 46
50 28 29 31 37 44 45 47
51 29 30 32 38 45 47 48
52 30 31 33 39 46 48 49
53 31 32 34 41 47 49 51
54 32 33 35 42 48 50 52
55 33 34 36 43 49 51 53
56 33 35 37 44 51 53 54
57 34 36 38 45 52 54 55
58 35 37 39 46 53 55 57
59 36 38 40 47 54 56 58
60 37 39 41 48 55 57 59

61 3.8 40 42 4.9 5.6 5.8 6.0
62 39 4.1 43 5.0 5.8 6.0 6.1

Table 4. These equations were validated by constructing
a Z score for each parameter. The normalcy of the Z
scores was evident in a QQ plot. The Sharpiro—Wilk
tests showed normality in distribution. Further, the Z
scores were evenly distributed above and below zero
across the entire range of GAs and BPDs. Finally, Z
scores which were outside of the range +1.645 did not
significantly differ from the expected 10% of the values
(P = 0.406).

Z scores for each actual measured value could be cal-
culated using the reference equation as follows: Z score
= (measured value — predicted value)/predicted SD

For example, measured BPD = 30 mm and aortic
valve diameter = 3.2 mm

Using formula in Table 4: Predicted aortic valve =
—1.5952 + 0.0989(30) = 1.3718; Predicted SD of aor-
tic valve = 0.1672 + 0.00572(30) = 0.3388; Z score =
(3.2 —1.3718)/0.3388 = +5.396.

Therefore, a fetus with aortic valve at +5.396 SD
above the predicted mean aortic diameter for a BPD of
30 mm would be considered to have enlarged valves.

Centile models of aortic and pulmonary valve diame-
ter as a function of GA in weeks and BPD in millimeter
are shown in Tables 2—4.

Copyright © 2011 John Wiley & Sons, Ltd.

DISCUSSION

According to the International Society of Ultrasound
in Obstetrics and Gynecology guideline for perform-
ing fetal heart examination, views of the left and right
outflow tracts are part of the extended basic cardiac
examination, which enhances the detection rate for con-
genital heart anomalies (Anon, 2006). The normal criss-
cross phenomenon of the great arteries at the ventricular
outlets and the equally measured size of aortic and pul-
monary valve annulus are essential for minimum criteria
of cardiac assessment. An abnormal difference in dimen-
sions of both great arteries would raise suspicion for
aortic stenosis, coarctation of aorta, pulmonary atresia or
tetralogy of Fallot. Therefore, the accurate measurement
of both aorta and pulmonary artery is necessary for the
correct diagnosis, and subsequent monitoring. Compared
with previous publications on fetal aortic and pulmonary
valves normality values derived from 2D fetal echocar-
diography (DeVore et al., 1985; Sharland and Allan,
1992; Shapiro et al., 1998; DeVore, 2005; Schneider
et al., 2005; Lee et al., 2010), the values of reference
ranges in our study are slightly lower (Table 5). This
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Figure 2—Linear relationship between gestational age in weeks and aortic valve diameter (a) and pulmonary valve diameter (b); between
biparietal diameter in millimeter and aortic valve diameter (c) and pulmonary valve diameter (d)

Table 4—Simple linear regression models for prediction mean and SD of fetal aortic and pulmonary valve diameter based on

gestational age (GA) and biparietal diameter (BPD)

Parameter

Model derived from regression analysis

Correlation coefficient

Gestational age (GA)

Aortic valve diameter

SD of aortic valve diameter
Pulmonary valve diameter

SD of pulmonary valve diameter

Biparietal diameter (BPD)
Aortic valve diameter

SD of aortic valve diameter
Pulmonary valve diameter

SD of pulmonary valve diameter

—2.4838 + 0.2702(GA in weeks) 0.963
0.1482 + 0.0156 (GA in weeks) 0.262
—2.5924 + 0.2935(GA in weeks) 0.961
—0.2317 4+ 0.01524(GA in weeks) 0.242
—1.5952 4+ 0.0989 (BPD in mm) 0.970
0.1672 + 0.00572 (BPD in mm) 0.293
—1.6830 4 0.1083 (BPD in mm) 0.970
—0.1971 4+ 0.0059 (BPD in mm) 0.277

may be due to racial factors or differences in the tech-
niques used in the measurements.

Unlike most previous studies on reference ranges of
cardiac dimensions, in which modeling of the variabil-
ity was not often considered (even though in the field of
fetal size SD almost always changes with GA) (Altman,
1993), our study performed residual analysis to check

Copyright © 2011 John Wiley & Sons, Ltd.

the proper modeling for the construction of the refer-
ence range and emphasized the use of specific statistical
methodologies to optimize regression models in predict-
ing the robust Z-scores of the aortic and pulmonary
valves. This is because the development of reliable Z-
score reference ranges depends on careful examination
of the data to verify that residual variation conforms to a

Prenat Diagn (2011)
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Table 5—A comparison of aortic valve and pulmonary valve diameters (at 1 and 2 SD) based on gestational age (GA) and
biparietal diameter (BPD) among our study (studyl), that by Lee ef al. (study 2), and Schneider et al. (study 3)

Aortic valve

Pulmonary valve

Diameter at Z score = 1 Diameter at Z score = 2

Diameter at Z score = 1 Diameter at Z score = 2

Study 1 Study 2 Study 3 Study 1 Study 2 Study 3 Study 1 Study 2 Study 3  Study 1 Study 2 Study 3
GA (weeks)
14 1.67 1.74 2.11 2.03 2.03 2.39 1.96 1.94 2.40 2.41 2.25 2.71
15 1.95 2.04 2.30 233 2.35 2.61 2.27 2.28 2.64 2.73 2.61 2.98
16 2.24 2.35 2.49 2.64 2.67 2.83 2.58 2.62 2.88 3.05 2.98 3.25
17 2.52 2.65 2.69 2.94 3.00 3.06 2.89 2.96 3.13 3.38 3.34 3.53
18 2.81 2.96 2.89 3.24 332 3.29 3.20 3.29 3.38 3.70 3.70 3.81
19 3.09 3.26 3.10 3.54 3.64 3.52 3.51 3.63 3.63 4.03 4.06 4.10
20 3.38 3.56 3.30 3.84 3.96 3.76 3.81 3.97 3.89 435 443 4.39
21 3.67 3.87 3.51 4.14 4.28 4.00 4.12 4.31 4.16 4.67 4.79 4.69
22 3.95 4.17 3.73 4.44 4.60 4.24 443 4.64 443 5.00 5.15 5.00
23 4.24 4.48 3.94 4.74 4.92 4.48 4.74 4.98 4.70 532 5.51 5.31
24 452 4.78 4.16 5.05 5.24 4.73 5.05 532 4.98 5.65 5.88 5.62
25 4.81 5.09 4.38 535 5.56 4.98 5.36 5.65 5.27 5.97 6.24 5.94
26 5.10 5.39 4.60 5.65 5.88 5.23 5.67 5.99 5.55 6.29 6.60 6.27
27 5.38 5.70 4.83 595 6.21 5.49 5.98 6.33 5.84 6.62 6.96 6.59
28 5.67 6.00 5.05 6.25 6.53 5.75 6.28 6.67 6.14 6.94 7.33 6.93
29 5.95 6.30 5.28 6.55 6.85 6.01 6.59 7.00 6.44 7.27 7.69 7.26
30 6.24 6.61 5.52 6.85 7.17 6.27 6.90 7.34 6.74 7.59 8.05 7.60
31 6.52 6.91 5.75 7.16 7.49 6.53 7.21 7.68 7.04 7.91 8.41 7.95
32 6.81 7.22 5.98 7.46 7.81 6.80 7.52 8.02 7.35 8.24 8.78 8.30
33 7.10 7.52 6.22 7.76 8.13 7.07 7.83 8.35 7.66 8.56 9.14 8.65
34 7.38 7.83 6.46 8.06 8.45 7.34 8.14 8.69 7.98 8.89 9.50 9.01
35 7.67 8.13 6.70 8.36 8.77 7.62 8.45 9.03 8.30 9.21 9.87 9.37
36 7.95 8.44 6.94 8.66 9.09 7.89 8.75 9.36 8.62 9.53 10.23 9.73
37 8.24 8.74 7.19 8.96 9.42 8.17 9.06 9.70 8.95 9.86 10.59 10.10
38 8.52 9.05 7.43 9.27 9.74 8.45 9.37 10.04 9.28 10.18 10.95 10.47
39 8.81 9.35 7.68 9.57 10.06 8.73 9.68 10.38 9.61 10.51 11.32 10.84
40 9.10 9.65 7.93 9.87 10.38 9.02 9.99 10.71 9.94 10.83 11.68 11.22
BPD (mm)
20 0.66 0.73 1.48 0.95 0.96 1.93 0.80 1.97 0.82 1.11 1.03 2.21
25 1.19 1.25 1.87 1.50 1.52 243 1.37 2.53 1.40 1.71 1.66 2.85
30 1.71 1.78 2.26 2.05 2.08 2.94 1.94 3.11 1.99 2.31 2.29 3.49
35 223 2.31 2.66 2.60 2.64 3.45 2.51 3.70 2.57 291 292 4.16
40 2.76 2.83 3.05 3.15 3.20 3.96 3.08 4.30 3.16 3.52 3.56 4.83
45 3.28 3.36 3.45 3.70 3.75 4.48 3.65 491 3.74 4.12 4.19 5.52
50 3.80 3.89 3.85 4.26 4.31 5.00 4.22 5.52 4.33 4.72 4.82 6.21
55 4.33 441 4.25 4.81 4.87 5.52 4.80 6.15 491 532 5.45 6.91
60  4.85 4.94 4.65 5.36 543 6.04 5.37 6.78 5.50 592 6.08 7.62
65 5.37 547 5.05 591 5.99 6.56 5.94 7.42 6.09 6.52 6.71 8.34
70 5.90 5.99 5.46 6.46 6.54 7.09 6.51 8.07 6.67 7.12 7.34 9.07
75 6.42 6.52 5.86 7.01 7.10 7.61 7.08 8.72 7.26 7.72 7.97 9.80
80 6.94 7.05 6.27 7.57 7.66 8.14 7.65 9.38 7.84 8.32 8.60 10.54
85 7.46 7.57 6.68 8.12 8.22 8.67 8.22 10.04 8.43 8.92 9.23 11.29
90 7.99 8.10 7.09 8.67 8.78 9.20 8.79 10.71 9.01 9.52 9.87 12.04
95 8.51 8.62 7.49 9.22 9.33 9.73 9.36 11.38 9.60 10.12 10.50 12.79

normal distribution. The residuals (differences between
the predicted and observed values) were analyzed to cal-
culate SD and then tested to determine whether their
residuals conformed to a normal distribution. Residual
analysis must be evaluated across the range of GA or
BPD to determine whether and how SD varies, other-
wise the denominator used in the calculation of a Z-score
may be unreliable.

Additionally, to avoid improper plane and cardiac
phase in measurement secondary to difficulties with
2D ultrasound in some cases, we used 4D-ultrasound

Copyright © 2011 John Wiley & Sons, Ltd.

with STIC to control all axes of the virtual cardiac
dimension and cycles. With STIC, the acquired volume
dataset allows image collection in all planes including
the entire cardiac cycle information which can be
displayed and rearranged after the patient scan. The
accuracy of the measurement is theoretically better
than that derived from 2D ultrasound since we could
rotate the volume dataset and move the reference dot
in three axes to control the display of the aorta and
pulmonary artery. The off-line analysis permits the
examiner to navigate thoroughly through the heart in
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all dimensions and in every phases of the cardiac
cycle; thus the precise areas for the measurement are
certainly defined leading to the accurate measurement
(Chaoui and Heling, 2005; Goncalves et al., 2006). In
this study, the left and right ventricular outflow tracts
were perfectly adjusted via multiplanar display and the
exact end-systolic cardiac phase was correctly selected.
Visualization of the three orthogonal planes at the same
time can reassure regarding the correct position for
measurement, the greatest dimensions of the valves at
the correct cardiac phase. Additionally, high reliability
may be associated with off-line examination without
time limits allowing to obtain the best image. These
reference ranges may probably be more appropriate
for evaluation and facilitate the diagnosis in earlier
gestation.

The strength of this study included a large sample
size, the measurements based on innovative STIC, and
providing Z scores derived from residual analysis with
checking models. Despite a number of normal fetal car-
diac dimension reports, several reference ranges do not
provide Z-score assessment. The qualitative assessment
using centiles has been demonstrated to be less accu-
rate than the quantitative assessment using Z-scores.
The principal concepts are the appropriate adjustment
of both mean and standard deviation curves (Royston
and Wright, 1998). This study provides predicted mean
values and SD for each GA and BPD range, permitting
the Z scores calculation. These reference ranges may
be especially helpful for detection and monitoring of
suspected abnormalities of the fetal heart especially the
outflow tracts.
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Fetal liver length measurement at mid-pregnancy among fetuses
at risk as a predictor of hemoglobin Bart’s disease

S Luewan, F Tongprasert, W Piyamongkol, C Wanapirak and T Tongsong

Facully of Medicine, Department of Obstetrics and Gynecology, Chiang Mai University, Chiang Mai, Thailand

Objective: To assess the effectiveness of liver length measurement in predicting
hemoglobin (Hb) Bart's disease among fetuses at risk at mid-pregnancy.

Study Design: Pregnant women at risk of fetal Hb Bart’s disease at
18 to 22 weeks of gestation were enrolled in the study. All of them
underwent liver length measurement just before cordocentesis for fetal
blood analysis. The final diagnosis used as a gold standard was based on
fetal Hb typing using high-performance liquid chromatography.

Result: A total of 334 pregnant women were recruited into the study.
The prevalence of fetal Hb Bart’s disease was 26.1% (87 of 334 fetuses).
The sensitivity, specificity, as well as positive and negative predictive
values of liver length in the prediction of affected fetuses were 71.3, 95.5,
84.9 and 90.4%, respectively. Overall, 24 fetuses (27.6%) had some degree
of early hydrops fetalis. Of these, 20 had hepatomegaly as well.

Conclusion: Liver length measurements at mid-pregnancy may be
helpful in predicting affected fetuses among pregnancies at risk. Normal
liver length measurement is associated with a very low risk of the disease.
This information may help couples decide on whether to opt for either
invasive diagnosis or a noninvasive approach, especially when used as an
adjunct to other tests.

Journal of Perinatology advance online publication, 22 July 2010;
doi:10.1038/jp.2010.84

Keywords: Hb Bart’s disease; liver length; prenatal diagnosis;
ultrasound

Introduction

Hemoglobin (Hb) Bart’s disease (homozygous a-thalassemia-1) is
the most common cause of hydrops fetalis in Southeast Asia.' > At
present, this disease is more prevalent in other parts of the world
because of population migrations. Fetuses with this disorder are
uniformly lethal. Nevertheless, prenatal diagnosis is imperative
because serious maternal complications are often encountered in
pregnant women with Hb Bart’s hydrops fetalis, including severe
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preeclampsia, dystocia, postpartum hemorrhage due to
placentomegaly and psychological burden for carrying a
nonsurviving fetus to term. Therefore, early diagnosis and early
termination of the pregnancy before development of hydrops is
essential. At present, although several sonographic markers have
been proven to be useful in predicting fetal Hb Bart’s disease before
hydropic changes occur,” the efficacy of liver measurement for
this purpose has never been thoroughly evaluated. Surprisingly,
although it has long been known that hepatomegaly associated
with extramedullary erythropoiesis is always seen in hydropic
fetuses due to Hb Bart’s disease, it has never been tested whether
liver length measurement is helpful in early prenatal detection of
this disorder, in spite of its simplicity to measure. Theoretically,
liver length measurement is particularly helpful in the prediction
of severe anemia occurring in early gestation such as Hb Bart’s
disease as fetal anemia can develop in as early as 12 to 13 weeks of
gestatior1.6’7 Roberts ef al.® evaluated fetal liver length on

53 examinations conducted in 21 isoimmunized pregnancies and
found that all fetuses with a Hb of <10.0 g per 100 ml had a liver
length that was greater than the ninetieth percentile, suggesting
that liver length is a useful indicator of the degree of fetal anemia
in isoimmunized pregnancies. This is consistent with a preliminary
report by Vintzileos et al.” Similarly, fetuses with Hb Bart’s disease,
which is associated with severe anemia from early gestation, seem
to have hepatomegaly at the same time. Although the classic
hydropic changes due to Hb Bart’s disease are likely to occur after
20 weeks,'® our experience of ultrasound examinations at 18 to 22
weeks suggests that fetal liver length measurement may be useful
in distinguishing normal from affected pregnancies. We
hypothesize that liver length measurement may be useful in
identifying fetal Hb Bart’s disease among fetuses at risk before the
development of frank hydrops fetalis. The objective of this study
was to evaluate the efficacy of liver length at mid-pregnancy in
predicting fetal Hb Bart’s disease.

Methods

This prospective diagnostic study was undertaken at the Maharaj
Nakorn Chiang Mai Hospital (Department of Obstetrics and
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Gynecology, Chiang Mai University, Thailand), with approval of
the research ethical committee. Pregnant women were recruited
into the study with written informed consent. The inclusion criteria
included the following: (1) singleton pregnancies at risk of having
fetuses with Hb Bart’s disease (both of the couples were carriers of
o-thalassemia-1, based on PCR for Southeast Asian type); (2)
gestational age of 18 to 22 weeks, based on a reliable last
menstrual period or fetal sonographic biometry in the first half of
pregnancy; and (3) known definite diagnosis of Hb Bart’s disease
or non-Hb Bart’s disease, based on cordocentesis and fetal blood
analysis with high-performance liquid chromatography. The
exclusion criteria were as follows: (1) fetal anomalies or
chromosomal abnormalities and (2) unknown final fetal diagnosis
in terms of the presence or absence of Hb Bart’s disease. All
ultrasound examinations were performed just before cordocentesis
by the authors, using a real-time scanner with Aloka SSD alpha-10
machine (Aloka Co, Tokyo, Japan) or GE Voluson E8 (GE
Healthcare, Wauwatosa, WI, USA), equipped with a trans-
abdominal curvilinear transducer of frequency 2 to 5MHz. On
ultrasound examination, liver length measurement, standard fetal
biometry and anomaly screening were performed. The steps in liver
length measurement were as follows:®'" (1) The fetal upper
abdomen at the level of the stomach was first demonstrated on an
axial view and the liver was visualized as the most visible part of
the abdomen. (2) To appropriately measure the right lobe of the
liver, fine adjustment and rotating the transducer was performed to
obtain the proper plane for measurement, and the aorta was first
imaged in the longitudinal plane. The transducer is then moved
parallel to this plane until the tip of the right lobe and the right
hemidiaphragm were imaged. Occasionally, the transducer had to
be tipped to visualize both the diaphragm and the right lobe of the
liver. This was a coronal image of the abdomen. (3) Fetal liver
length was measured from the region where the right margin of
the heart was in contact with the hemidiaphragm (top of the right
hemidiaphragm) to the tip of the right lobe. Liver length was
measured by placing electronic calipers as shown in Figure 1. The
measurement usually took <5min; 2 to 3 min in most cases. The
three best measurements were digitally recorded in the
computerized record form and subsequently averaged for analysis.
In addition, middle cerebral artery peak systolic velocity (MCA-PSV)
was also measured using a standard technique described
elsewhere."* All cordocenteses were performed immediately after
ultrasound examination. Baseline demographic and obstetric data
of pregnant women were also recorded on the patient’s digital
record forms at the same time. The pregnant women were treated
as standard antenatal care. Hepatomegaly or abnormally enlarged
liver size was defined by a liver length larger than the cutoff value
based on the receiver—operator characteristic curve. The stored
data were subsequently analyzed for the efficacy of fetal liver length
in predicting fetal Hb Bart’s disease, using the statistical package
for the social sciences (SPSS) version 17.0 (SPSS, Chicago, IL, USA).
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Figure 1 Measurement of the fetal liver length of a normal fetus (upper) and a
fetus with hemoglobin Bart’s disease (lower) at 21 weeks of gestation.

For sample size estimation, to gain a confidence level of 95% for a
detection rate of at least 60% and a maximum allowable error
(precision) rate of 10%, the study should include affected fetuses of at
least 48 cases. Measurement outcomes were presented as sensitivity,
specificity, as well as positive and negative predictive values.

Results

Over the study period (June 2007 to February 2010), 355 pregnant
women at risk for having fetuses with Hb Bart’s disease were
recruited into the study. Overall, 334 of them were sonographically
measured for liver length at 18 to 22 weeks and underwent
cordocentesis with the available final diagnosis. Of 334 fetuses,
87 were finally proven to be affected by Hb Bart’s disease, and the
remaining fetuses were unaffected. The mean maternal age
(£s.d.) was 27.02 £ 6.7 years (range: 13 to 48). The mean
gestational age (% s.d.) was 19.87 + 1.3 weeks (range: 18 to 22
weeks). Of them, 42.5% were nulliparous and 57.5% were
multiparous. No serious maternal complications, such as
pregnancy-induced hypertension, were observed at mid-pregnancy.
The receiver—operator characteristic curve of liver length in
predicting Hb Bart’s disease was analyzed as shown in Figure 2.
The area under curve was 0.922 (95% confidence interval: 0.890 to
0.954) and the best cutoff was at a liver length of 27.0 mm. The
diagnostic indices of liver length measurement in differentiating
fetuses with Hb Bart’s disease from unaffected fetuses are
summarized in Table 1. The liver length had a sensitivity of 71.3%



and a specificity of 95.5%. Overall, 24 fetuses (27.6%) had some
degree of hydrops fetalis, such as minimal ascites or pleural
effusion. Notably, of these, 20 showed hepatomegaly as well. When
fetuses with hydrops fetalis were excluded, sensitivity decreased to
66.7%, whereas specificity remained the same, as presented in
Table 1. MCA-PSV, defined as abnormal if >1.5MoM, had a
sensitivity of 91.0% and a specificity of 98.2% as shown in Table 1.
When combined, liver length and MCA-PSV, considered abnormal
if either of them was abnormal, the combination had a sensitivity
of 96.2% and a specificity of 94.1%. When analyzed separately for a
specific gestational week, the accuracy of liver length in prediction
was not significantly different as shown in Table 2.

Discussion

The fetal liver is a major site of hematopoiesis in the second
trimester and is a primary site of extramedullary hematopoiesis in
fetuses complicated by anemia, in particular Hb Bart’s disease or
Rh isoimmunization, leading to enlargement of the liver.”
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Figure 2 ROC curve of liver length in predicting Hb Bart’s disease; area under

curve = 0.922 (95% confidence interval: 0.890 to 0.954), the best cutoff is at a
liver length of 27.0 mm. Hb, hemoglobin; ROC, receiver—operator characteristic.
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Therefore, measurement of fetal liver length can theoretically be
useful in the diagnosis of fetal anemia owing to various causes. In
spite of being known for a long time that hepatomegaly is closely
associated with the degree of fetal anemia, no study on liver size in
predicting fetal Hb Bart’s disease has been reported. To our best
knowledge, this is the first study in the evaluation of this

simple and practical technique in differentiating affected from
unaffected fetuses.

On the basis of a comparison of fetal liver length of 21
isoimmunized pregnancies and 350 measurements in normal
pregnancies, Roberts e al.® found a good correlation between liver
length and fetal Hb level (» = 0.794, P<0.001) and between liver
length and reticulocyte count (» =0.721, P<0.001). All fetuses
with Hb <10.0g per 100 ml had a liver length greater than the
ninetieth percentile. They concluded that liver length measurement
seems to be a useful indicator of the degree of fetal anemia in
isoimmunized pregnancies. However, although our findings were
consistent with those reported by Roberts e al., liver length
measurement in our study was not as highly effective as seen in
their report. This may be because of the fact that liver length at
18 to 22 weeks of gestation may be not as sensitive in differentiating
affected from unaffected fetuses as in later pregnancy like in the
report by Roberts ef a/. At mid-pregnancy, most fetuses with Hb
Bart’s disease do not develop hydropic changes, and fetal anemia
may not be so severe at this stage of pregnancy. We believe that in
advanced gestational age when fetal anemia becomes more severe,
liver length is likely to have higher sensitivity and specificity in
predicting anemia.

Table 2 Diagnostic indices of liver length in predicting Hb Bart’s disease at
various gestational weeks, based on the cutoff at 27.0 mm

GA week N Sensitivity* Specificity* PP NPV

18 70 73.3% (11/15)  94.5% (52/55)  78.6% (11/14)  92.9% (56/70)
19 66 69.2% (9/13)  96.2% (51/53) 81.8% (9/11)  92.7% (51/55)
20 82 714% (20/28) 94.4% (51/54)  87.0% (20/23)  86.4% (51/59)
21 72 70.0% (7/10)  96.8% (60/62) 77.8% (7/9)  95.2% (60/63)
2 44 T714% (15/21)  95.7% (22/23)  93.8% (15/16)  78.6% (22/28)

Abbreviations: GA, gestational age; Hb, hemoglobin; NPV, negative predictive value; PPV,
positive predictive value.
No statistical difference between gestational age group: % P>0.05.

Table 1 Diagnostic indices of liver length and middle cerebral peak systolic velocity (MCA-PSV) in predicting Hb Bart’s disease

Test N Sens Spec PPV NPV
1) Liver length (total fetuses) 334 71.3% (62/87) 95.5% (236/247) 84.9% (62/73) 90.4% (236/261)
2 Liver length (excluded fetal hydrops) 310 66.7% (42/63) 95.5% (236/247) 79.2% (42/53) 91.8% (236/257)
(3) MCA-PSV (total fetuses) 298 91.0% (71/78) 98.2% (216/220) 94.7% (71/75) 96.9% (216/223)
(4) MCA-PSV and/or liver length (total fetuses) 298 96.2% (75/78) 94.1% (207/220) 85.2% (75/88) 98.6% (207/210)

Abbreviations: Hb, hemoglobin; NPV, negative predictive value; PPV, positive predictive value; Sens, sensitivity; Spec, specificity.

Journal of Perinatology
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Among pregnancies at risk, at mid-pregnancy, liver length can
predict fetuses with Hb Bart’s disease with a sensitivity of ~ 70%
and a specificity of 95%. A relatively high specificity indicates that
normal liver length at 18 to 22 weeks reduces the probability of
being affected by the disease and may obviate the need for invasive
procedures to confirm normality, especially in case of no other
sonomarkers such as cardiomegaly or placentomegaly, although
follow-up sonographic examinations are still required. A sensitivity
of 70% suggests that liver length measurement may not be a good
screening tool in identifying affected fetuses when compared with
MCA-PSV as indicated in this study, because 30% of the affected
fetuses will be missed. However, this may be used as an adjunct to
other ultrasound markers to gain confidence in predicting fetal
anemia, especially in fetuses at risk. When combined with MCA-
PSV, liver length may increase sensitivity, although it may slightly
compromise specificity. Therefore, measurement of liver length
should not be used as a primary tool in the diagnosis of fetal Hb
Bart’s disease, as several affected fetuses can be missed during
diagnosis. Nevertheless, the measurement is simple and easy to be
trained, and unlike MCA-PSV, it still seems to be helpful in general
practice, especially in the area of high prevalence. This study
demonstrated that liver length at different gestational ages during
18 to 22 weeks yields no significant difference in prediction.
Therefore, for convenience in clinical use, the same cutoff
(27 mm) may be used.

The strengths of this study include (1) a large sample size of
pregnant women at risk and (2) the fact that the examiners were
blind to the final diagnosis at the time of ultrasound examination,
as the measurements were performed just before cordocentesis.
Nevertheless, bias might have existed in the measurement of liver
length. The measurement was not a completely blind method as
the examiner could appreciate the morphology of the fetuses,
especially cardiomegaly on sonographic imaging. Therefore, early
hydropic signs in affected fetuses, such as cardiomegaly, could
have been visible in some cases and the diagnosis of Hb Bart’s
disease in such fetuses might have been anticipated. Some other
limitations should be mentioned, including that interobserver
variation among the examiners was not tested. In addition, the
measurement may sometimes be difficult in some cases in which
the lower border of the liver was unclear and was not always easily
discriminated from the surrounding structures, especially using
ultrasound machines of earlier models.

In conclusion, liver length assessment at mid-pregnancy can be
helpful in predicting fetuses affected by Hb Bart’s disease, although
the accuracy may be not excellent. Among couples at risk with
normal liver size, the risk of having an affected child is much

Journal of Perinatology

lower, whereas hepatomegaly places the fetuses to be at a higher
risk. This information may help couples decide on whether to opt
for further invasive diagnosis or a noninvasive approach, especially
when used as an adjunct to other tests.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

We thank the Thailand Research Fund (TRF) and the Commission on Higher
Education (CHE) of Thailand, as a part of TRF Senior Research Scholar 2007 for
financially supporting the conduct of this research (grant no. RTAS080011).

References

1 Ko TM, Hsieh FJ, Hsu PM, Lee TY. Molecular characterization of severe alpha-
thalassemias causing hydrops fetalis in Taiwan. Am | Med Genet 1991; 39(3):
317-320.

2 Lemmens-Zygulska M, Eigel A, Helbig B, Sanguansermsri T, Horst ], Flatz G.
Prevalence of alpha-thalassemias in northern Thailand. Hum Genet 1996; 98(3):
345-347.

3 Liang ST, Wong VC, So WW, Ma HK, Chan V, Todd D. Homozygous alpha-
thalassaemia: clinical presentation, diagnosis and management. A review of 46 cases.
Br ] Obstet Gynaecol 1985; 92(7): 680—684.

4 Tongsong T, Wanapirak C, Sirichotiyakul S, Chanprapaph P. Sonographic markers of
hemoglobin Bart disease at midpregnancy. J Ultrasound Med 2004; 23(1): 49—55.

5 Leung KY, Liao C, Li QM, Ma SY, Tang MH, Lee CP ¢ al. A new strategy for prenatal
diagnosis of homozygous alpha(0)-thalassemia. Ultrasound Obstet Gynecol 2006
28(2): 173-177.

6 Lam YH, Ghosh A, Tang MH, Lee CP, Sin SY. Second-trimester hydrops fetalis in
pregnancies affected by homozygous alpha-thalassaemia-1. Prenat Diagn 1997,
17(3): 267-269.

7 Lam YH, Tang MH, Lee CP, Tse HY. Prenatal ultrasonographic prediction of
homozygous type 1 alpha-thalassemia at 12 to 13 weeks of gestation. Am | Obstet
Gynecol 1999; 180(1 Part 1): 148—150.

8  Roberts AB, Mitchell JM, Pattison NS. Fetal liver length in normal and isoimmunized
pregnancies. Am | Obstel Gynecol 1989; 161(1): 42—46.

9 Vintzileos AM, Campbell WA, Storlazzi E, Mirochnick MH, Escoto DT, Nochimson DJ.
Fetal liver ultrasound measurements in isoimmunized pregnancies. Obstet Gynecol
1986; 68(2): 162—167.

10 Tongsong T, Wanapirak C, Srisomboon J, Piyamongkol W, Sirichotiyakul S. Antenatal
sonographic features of 100 alpha-thalassemia hydrops fetalis fetuses. / Clin
Ultrasound 1996; 24(2): 73—77.

11 Vintzileos AM, Neckles S, Campbell WA, Andreoli Jr JW, Kaplan BM, Nochimson DJ.
Fetal liver ultrasound measurements during normal pregnancy. Obstet Gynecol 1985;
66(4): 477—-480.

12 Srisupundit K, Piyamongkol W, Tongsong T. Identification of fetuses with hemoglobin
Bart’s disease using middle cerebral artery peak systolic velocity. Ultrasound Obstet
Gynecol 2009; 33(6): 694—697.



Ultraschall in der Medizin/European Journal of Ultrasound -

Editors and Editorial Board

This journal is indexed in MEDLINE, Current
Contents (CM), Science Citation Index and

Herausgeber|Editors

M. Bachmann Nielsen, Kopenhagen

K. Jager, Basel

E. Merz, Frankfurt am Main

G. Mostbeck, Wien
K. Seitz, Sigmaringen

1980 gegriindet von

Founded in 1980 by

H. R. Miller, Basel
E. Reinold, Wien

G. Rettenmaier, Boblingen

Beirat/Editorial Board

Th. Albrecht, Berlin

Ch. Arning, Hamburg
R. Badea, Cluj-Napoca
|. Baumgartner, Bern

J. Bates, London

G. Bernaschek, Wien
H.-G. Blaas, Trondheim
G. Bodner, Gibraltar

R. Bollmann, Berlin

L. Braun, Bedano

B. Brkljacic, Zagreb

A. Brichta, Wien

A. Bunk, Dresden

R. Chaoui, Berlin

K. H. Deeg, Bamberg

F. Degenhardt, Bielefeld
S. Delorme, Heidelberg
J. Deutinger, Wien

F. M. Drudi, Rom

M. Essig, Zweisimmen
D. H. Evans, Leicester
M. Gebel, Hannover

U. Gembruch, Bonn

O. H. Gilja, Bergen

R. Graf, Stolzalpe

N. Gritzmann, Salzburg
B. J. Hackel6er, Hamburg
H. Heynemann, Halle
S. Karstrup, Roskilde

H. Kathrein, Schwaz

G. D. Kneissl, Leipzig

D. Koischwitz, Siegburg
Ch. Kollmann, Wien

H. Lutz, Bayreuth

W. Mann, Mainz

G. Mathis, Hohenems
H. Merk, Greifswald

in EMBASE/Excerpta Medical Abstract Jour-
nals

Impact Factor: 2.394

www.thieme-connect.de
www.thieme.de/ultraschall

manuscript submission at
http://mc.manuscriptcentral.com/eju

J.-Y. Meuwly, Lausanne

Ch. Meyenberger, St. Gallen
P. A. Mircea, Cluj Napoca
Ch. Nolsge, Kopenhagen
D. Niirnberg, Neuruppin

L. von Rohden, Magdeburg
E. Rosenfeld, Merseburg
H.-D. Rott, Erlangen

J. Simanowski, Hannover

I. Sporea, Timisoara

H. Stiegler, Miinchen

H. Strunk, Bonn

S. Tercanli, Basel

F. Tranquart, Tours

H. Weiss, Ludwigshafen
W. Wermke, Berlin

B. Widder, Giinzburg

M. Woydt, Wiirzburg

H.-J. Zweifel, Buchs



Original Article

Fetal Splenic Artery Peak Velocity (SPA-PSV) at Mid-
Pregnancy as a Predictor of Hb Bart’s Disease

Spitzengeschwindigkeit in der fetalen A. lienalis (SPA-PSV) in der
Schwangerschaftsmitte als Pradiktor der Hb-Bart-Erkrankung
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Zusammenfassung

v

Ziel: Bewertung der Treffsicherheit der A.-liena-
lis-Maximalgeschwindigkeit zur Pradiktion einer
fetalen Himoglobin(Hb-)Bart-Erkrankung bei ge-
fihrdeten Feten in der Mitte der Schwanger-
schaft.

Material und Methoden: Schwangere Frauen
mit dem Risiko eines Hb-Bart-erkrankten Fetus
wurden in der 18.-22. Schwangerschaftswoche
(SSW) in die Studie aufgenommen und erhielten
vor Chordozentese eine Messung der SPA-PSV.
Die definitive Diagnose, die als Goldstandard he-
rangezogen wurde, basierte auf fetaler Hb-Typi-
sierung mittels Hochleistungsfliissigkeitschroma-
tografie (HPLC).

Ergebnisse: Insgesamt wurden 136 Feten aus 132
Einlingsschwangerschaften und 2 Zwillingssch-
wangerschaften in die Studie eingeschlossen. Das
mittlere maternale Alter war 28,7 +5,4 Jahre, das
mittlere Gestationsalter war 19,1+1,02 Wochen,
und die Inzidenz einer Hb-Bart-Erkrankung lag
bei 23,5% (32 Feten). Unter Verwendung des 1,51-
fachem Medianwerts (MoM) der SPA-PSV als Dis-
kriminationswert lag die Sensitivitat, Spezifizitat,
der positiv pradiktive Wert und der negativ pra-
diktive Wert der SPA-PSV zur Identifikation von
betroffenen Feten bei 84,4% (32 von 36 Fillen),
98,1%, 93,1% bzw. 95,3%. Fast alle gesunden Feten
hatten eine normale SPA-PSV.

Schlussfolgerung:  SPA-PSV-Messungen in der
Mitte der Schwangerschaft kénnen als ergin-
zende Methode zur Identifizierung von Feten mit
Hb-Bart-Erkrankung herangezogen werden und
haben eine hohe, wenngleich nicht perfekte Treff-
sicherheit. Die Methode konnten helfen, bei man-
chen Feten das Risiko nicht erforderlicher Chor-
dozentesen zu reduzieren.

Abstract

v

Purpose: To determine the accuracy of splenic
artery peak systolic velocity (SPA-PSV) in predict-
ing fetal hemoglobin (Hb) Bart’s disease at mid-
pregnancy among fetuses at risk.

Materials and Methods: Pregnant women at risk
of having a fetus with Hb Bart’s disease were re-
cruited into the study at 18 - 22 weeks of gesta-
tion and underwent SPA-PSV measurement be-
fore cordocentesis. The final diagnosis used as a
gold standard was based on fetal hemoglobin typ-
ing using high performance liquid chromatogra-
phy (HPLC).

Results: A total of 136 fetuses from 132 singleton
pregnancies and 2 twin pregnancies were recrui-
ted into the study. The mean maternal age was
28.7+5.4 years, the mean gestational age was
19.1+£1.02 weeks, and the incidence of Hb Bart’s
disease was 23.5% (32 fetuses). Using SPA-PSV
above 1.51 Multiple of Median (MoM) as a cut-
off point, the sensitivity, specificity, positive pre-
dictive value and negative predictive value of
SPA-PSV to identify affected fetuses was 84.4%
(32 from 36 cases), 98.1%, 93.1% and 95.3% re-
spectively. Nearly all normal fetuses had a normal
SPA-PSV.

Conclusion: SPA-PSV assessment at mid-preg-
nancy may be used as an adjunct method to iden-
tify fetuses with Hb Bart’s disease with high, but
not perfect, accuracy and may reduce the risk
from unnecessary cordocentesis in some fetuses.
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Introduction

v

Thalassemia is the most common hematologic genetic disease
in South East Asia where the carrier rate of a-thall trait
(- SEA type) is as high as 14% in our population [1], and -
thalassemia is the most common cause of hydrops fetalis, ac-
counting for 80-90% of cases [2]. With population migrations
during the past decade, this syndrome is now being seen in
increasing numbers in other parts of the world. Pregnancies
with Hb Bart’s disease inevitably result in fetal death during
the third trimester or shortly after birth and are frequently as-
sociated with serious maternal morbidity, and even mortality,
such as pre-eclampsia, dystocia, postpartum hemorrhage due
to a large placenta, and the psychological burden for carrying
a nonviable fetus to term. Therefore, it is justified to control
this condition, especially by prenatal approach [3]. Traditional-
ly, prenatal diagnosis of fetal anemia is based on invasive
methods to directly determine fetal hemoglobin through cor-
docentesis. Both methods pose a risk to the fetus. Amniocent-
esis is related to a rate of fetal loss of 0.5-1% [4, 5] and cor-
docentesis is associated with a rate of fetal loss of 1.4-2.7% [6,
7]. To avoid such complications, researchers have currently at-
tempted to diagnose fetal anemia using ultrasound criteria in
fetuses at risk for hydrops fetalis secondary to anemia. It is
well-established that the middle cerebral artery peak systolic
velocity can effectively identify fetal anemia due to Rh alloim-
munization [8-11] and possibly Hb Bart’s disease. To be a use-
ful test, ultrasound must reliably detect fetal anemia before
the onset of overt hydrops fetalis. The fetus can compensate
for moderate degrees of anemia by hemodynamic adjustments,
but once the hemoglobin deficit exceeds 7 gm/dl, the fetal
functional reserve is exhausted with resulting hydropic chan-
ges [12]. Likewise, the assessment of splenic artery peak velo-
city (SPA-PSV) in early studies is useful for predicting fetal an-
emia secondary to Rh alloimmunization [13-15] and possibly
secondary to Hb Bart’s disease among the fetuses at risk [16].
Our preliminary study showed that the SPA-PSV of affected fe-
tuses was significantly higher than that of unaffected ones
[16], suggesting that SPA-PSV assessment at mid-pregnancy
may have a potential role in identifying fetuses with Hb Bart’s
disease among pregnancies at risk. However, the effectiveness
of SPA-PSV for differentiating affected from unaffected fetuses
among pregnancies at risk has never been evaluated. The ob-
jective of this study was to determine the accuracy of SPA-PSV
for predicting Hb Bart’s disease of fetuses at mid-pregnancy
among pregnancies at risk.

Materials and Methods

v

This study was conducted at a tertiary center, Maharaj Nakorn
Chiang Mai Hospital, where the program of prenatal control
for severe thalassemia syndrome is well-established [17], with
the approval of the research ethics committee. Pregnancies at
risk of having fetuses with Hb Bart’s disease, of which both of
the couples were carriers for alpha-thalassemial, at 18-22
weeks of gestation attending antenatal care clinic unit, be-
tween December, 2007 and February, 2009, were recruited
for the study. All patients underwent standard ultrasound ex-
amination including SPA-PSV assessment before cordocentesis
for fetal blood analysis. The inclusion criteria included 1) preg-
nancies at a gestational age of 18-22 weeks, based on accu-
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rate last menstrual period or fetal parameters from ultrasound
in the first half of pregnancy, 2) pregnancies at risk of having
fetuses with Hb Bart’s disease, recruited from our thalassemia
screening program, and with a carrier status confirmed by PCR
(SEA type). The exclusion criteria were 1) fetal anomaly other
than hydrops fetalis secondary to Hb Bart’s disease, and 2) loss
to follow-up or the final diagnosis could not be obtained. Cor-
docentesis for fetal blood analysis was performed after SPA-
PSV measurement. The final fetal diagnoses used as gold stan-
dard were based on fetal blood analysis using high-perfor-
mance liquid chromatography (HPLC) technique by demonstra-
tion of unbound Hb (Hb Bart’s and Hb Portland), no HbF and
no HbA.

All ultrasound examinations were performed with real-time
equipment using Voluson E8 (Voluson E8, GE Healthcare,
USA), or Aloka SSD alpha-10 (Tokyo, Japan) with transabdom-
inal 3.5 or 5.0MHz curvilinear transducers. Both machines
were similar in term of high resolution and high quality. For
examination, the pregnant women were in the semi-recum-
bent position. All measurements were performed in a period
of no fetal breathing and movement. The measurement of
SPA-PSV Doppler waveforms was done by the authors as fol-
lows (© Fig.1): 1) the fetal abdomen was first imaged in an
axial view at the level of the stomach by means of real-time
ultrasonography with a 3.5 or 5.0MHz transducer, as appro-
priate, with color and pulsed Doppler capabilities, 2) color
Doppler was used to localize the splenic artery as it arise
from the celiac axis and courses behind the stomach into the
splenic hilum. 3) Pulsed Doppler evaluation was performed
with a sample volume of 2 mm, and an angle of insonation be-
tween 0 and 30 degrees from the ultrasound beam, 4) the
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Fig.1 Color flow of splenic artery, located just behind the stomach and

spectral Doppler waveforms of a fetus with Hb Bart’s disease at 20 weeks of
gestation, depicts high SPA-PSV of 48.19 cm/sec.

Abb.1 Farbkodierter Fluss in der A. lienalis, die direkt dorsal des Magens
lokalisiert ist und Dopplerkurven eines Fetus mit Hb-Bart-Erkrankung in der
20. Schwangerschaftswoche, welche eine hohe SPA-PSV von 48,19 cm/s
zeigen.
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Table1 Cross-tabulation be-

tween result of HPLC and SPA-PSV
total

value.
>1.51 MoM 27 2 29
<1.51 MoM 5 102 107
total 321 104 136

Sensitivity of SPA-PSV = 84.4 % (95 % Cl 71.8 - 97.0), Specificity of SPA-PSV = 98.1 % (95 % CI 95.4 - 100), Positive predictive
value=93.1% (95 % Cl 83.9-100), Negative predictive value=95.3 % (95 % CI 87.6 - 100).

1 8 fetuses show some degree of hydropic changes.

sample volume was positioned along the splenic artery in
close proximity to its origin from the celiac axis, 5) the peak
systolic velocity and lowest diastolic velocity are calculated
with electronic calipers, 6) three consecutive waveforms are
analyzed and the results are averaged, 7) measurements were
obtained during fetal apnea, 8) the above steps were repeated
at least three times.

To evaluate the measurements of the SPA-PSV as the multiples
of median (MoM) for gestational age, we used a nomogram for
various gestational ages derived from a group of 540 normal
fetuses between 14 and 40 weeks of gestation [18]. Receiver
operator characteristic (ROC) curves were employed to evalu-
ate the relationship of the sensitivity (the true-positive rate)
and the false-positive rate (1-specificity) of different threshold
values of the SPA-PSV, using the statistical package for the so-
cial sciences (SPSS) version 17.0 (Chicago, USA). An abnormal
increase in SPA-PSV was defined as the value above the opti-
mal cut-off level (MoM) of each gestational age, derived from
the ROC curves. The main outcome measure was the sensitiv-
ity, specificity, positive predictive value, and negative predic-
tive value of SPA-PSV in identifying fetuses with Hb Bart’s dis-
ease, using the optimal threshold value (MoM) based on ROC
curves. The conduction of this study was approved by the eth-
ics committee and supported by the Thailand Research Fund
(TRF).

Results

v

During the study period (December 2007-February 2009), 132
singleton pregnancies and 2 twin pregnancies at risk of Hb
Bart’s disease were sonographically measured for SPA-PSV
and underwent cordocentesis for fetal blood analysis during
18 -22 weeks of gestation. Of 134 recruited pregnant women,
the mean maternal age was 28.7+54 years (range 18-44
years) and the mean gestational age was 19.1+1.02 weeks
(range 18 - 22 weeks). Thirty-six fetuses with Hb Bart’s disease
were finally diagnosed by fetal blood analysis with high per-
formance liquid chromatography (HPLC) and the remainders
were normal or a-thal-1 trait, defined as unaffected fetuses.
The mean SPA-PSV (+SD) of the normal pregnancies (fetuses
with normal a-globin genes or a-thall trait) and pregnancies
with fetal Hb Bart’s were significantly different, 19.2+3.1
(range from 12.7-259) and 25.5+4.5, (range from 20.4-
34.8) respectively (Student’s t-test; p-value <0.001). According
to the ROC curves (© Fig.2), the optimal SPA-PSV threshold
value was 1.51 MoM for each gestational age for predicting
Hb Bart’s disease. If using SPA-PSV above 1.51 Multiple of
Median (MoM) as a cut-off point, the sensitivity, specificity,
positive predictive value and negative predictive value of SPA-
PSV for predicting affected fetuses was 84.4% (32 from 36

N AN
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0.4
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Fig.2 Receiver operating characteristic (ROC) curve of SPA-PSV for differ-
entiating normal fetus from fetuses with Hb Bart’s disease.

Abb.2 ROC(Receiver Operating Characteristic)-Kurve der SPA-PSV zur
Differenzierung von gesunden Feten und solchen mit Hb-Bart-Erkrankung.

cases), 98.1%, 93.1% and 95.3% respectively, as shown in the
O Table 1. Nearly all normal fetuses (102 from 104) had nor-
mal SPA-PSV.

Of 32 fetuses with Hb Bart’s disease, eight of them (15.6%) had
some sonographic signs of early hydrops fetalis, such as pleur-
al effusion or ascites or subcutaneous edema. All of them had
high SPA-PSV without overlapping with that of normal fetuses
for each gestational week.

Discussion

v

Since splenic artery circulation is sensitive to both red blood
cell destruction and production, changes in splenic artery cir-
culation, as assessed by Doppler velocimetry, are likely to cor-
relate with the degree of fetal anemia. SPA-PSV has been
shown to correlate closely with a degree of fetal hemoglobin
[14]. Fetuses with Hb Bart’s disease are associated with hyper-
dynamic circulation and low blood viscosity secondary to ane-
mia, resulting in an elevated splenic artery peak systolic velo-
city in several vessels as we observed in the middle cerebral
artery [19] as well as in the splenic artery [16]. We postulated
that SPA-PSV should be increased in fetuses with Hb Bart’s

Tongsong T et al. Fetal Splenic Artery... Ultraschall in Med 2011; 32: S41-545
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disease due to anemia in as early as mid-pregnancy while the
hydropic change is subtle and it may be useful in clinical ap-
plication.

In addition to confirmation of our previous observation of a
strong correlation between SPV-PSV and fetal Hb Bart’s dis-
ease[16], this study demonstrates the potential role of clinical
application with high accuracy for differentiating affected from
unaffected fetuses among pregnancies at risk. However, the ac-
curacy of SPA-PSV for predicting Hb Bart’s disease may not be
as high as that reported for predicting fetal anemia in fetuses
with Rh isoimmunization [14, 15]. This may be due to the fact
that, although all fetuses with Hb Bart’s disease had some de-
gree of anemia, some affected fetuses at mid-pregnancy may
not have very low hemoglobin but functional anemia second-
ary to ineffective hemoglobin [20]. These fetuses had no true
anemia and no decreased blood viscosity resulting in no in-
crease peak-systolic velocity in peripheral vessels, leading to a
false-negative test. Therefore, SPA-PSV of some affected fetuses
was overlapped with that of some unaffected ones. However, it
seems to be useful for identifying the proper candidates for
cordocentesis. For example, a fetus with normal SPA-PSV has
little chance of Hb Bart’s disease and cordocentesis may be ob-
viated and serial ultrasound may be preferred. Technically,
SPA-PSV can modify the risk of the fetuses from 25% to be
near zero or more than 90%. This information can help couples
to select the method of further prenatal diagnosis. For exam-
ple, if normal SPA-PSV is demonstrated, the risk may probably
be changed to almost zero, serial ultrasound to detect early
signs of hydrops fetalis may probably be a good choice, and in-
vasive diagnostic procedure can be obviated or can be re-
served for when the early sonographic signs of fetal anemia
appear. However, a high SPA-PSV among fetuses at risk of Hb
Bart’s disease at mid-pregnancy is highly suggestive, but not
absolutely diagnostic, of an affected pregnancy, for which an
invasive diagnostic procedure is strongly indicated. Moreover,
it may be used as an adjunct to other ultrasound markers for
fetal Hb Bart’s disease, such as cardiothoracic ratio or middle
cerebral artery. Since the main objective of prenatal diagnosis
of Hb Bart’s disease is the reduction of maternal morbidity ra-
ther than the prevention of the birth of affected infants, serial
measurements of SPA-PSV may be an alternative cost-effective
method for the exclusion of the disorder, particularly in areas
where resources for prenatal diagnosis are limited. In our po-
pulation, the main prenatal diagnostic technique is cordocent-
esis at 18 to 22 weeks, and it is performed only in tertiary
centers. It is very important for community hospitals to select
only cases at high risk for Hb Bart’s disease for referral for in-
vasive prenatal diagnosis. Therefore, the measurement of SPA-
PSV may be an alternative cost-effective method for identify-
ing cases for referral or follow-up with serial ultrasonography
in their own hospitals. With this approach, invasive proce-
dures can be performed selectively, and fewer fetuses will be
lost unnecessarily. The reduction in medical expenses and pro-
cedure-related fetal loss is likely to be substantial. Although a
few affected fetuses may be missed by this approach, these
cases can be suspected or detected by later serial ultrasono-
graphy. Moreover, since the disease is uniformly lethal and
termination of pregnancy can be offered any time when the
diagnosis is made reliably, missing it in a very small number
of cases will not greatly influence the overall outcome. Despite
the high accuracy of SPA-PSV, the diagnosis should be con-
firmed with definitive methods, such as fetal blood analysis,
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to exclude false-positive results, even though the rate is low,
and hydrops fetalis secondary to other causes. Compared to
other sonographic markers for Hb Bart’s disease at mid-preg-
nancy, SPA-PSV seems to be somewhat less predictive than
MCA-PSV [21] and cardiothoracic ratio [22]. However, further
studies to compare these markers in the same setting should
be done and see if they have an additive effect on accuracy
or not.

Several limitations should be mentioned regarding this study.
Since we did not determine the fetal hemoglobin levels, we
could not correlate the degree of anemia and SPA-PSV. However,
this is not a problem in clinical application since, unlike the as-
sessment of fetal Rh isoimmunization, we just need to know
whether the fetus is affected or not in an all-or-none fashion,
not the degree of fetal anemia. Another limitation is that the re-
sults presented here can properly be applied only to fetuses at
risk (25% having an affected fetus), not to the general popula-
tion with a low prevalence of Hb Bart’s disease. Additionally,
SPA-PSV measurements require training, like MCA-PSV. Thus, it
may not always be practical in general practice.

Eight of 32 fetuses with Hb Bart’s disease in this series were
associated with early hydropic changes, signifying severe ane-
mia. Among these fetuses, SPA-PSV may be of little clinical va-
lue because other hydropic signs warrant further work-up
without the need of SPA-PSV. The future study should focus
on fetuses in early pregnancy without hydropic signs to see if
SPA-PSV can differentiate affected from unaffected ones before
sonographic signs of hydrops fetalis become evident.

There may have been a bias in this study. This was due to the
fact that Doppler evaluation of the splenic artery was not a
blind method since the examiner knew the morphology of
the hydropic changes from conventional sonographic images,
especially in the cases in which hydrops fetalis had already oc-
curred at the time of examination. Therefore, the diagnosis of
Hb Bart’s disease or high SPA-PSV could have been anticipated.
The strength of this study includes a large sample size for
gaining power of test. Additionally, the nomogram used for
SPA-PSV evaluation was derived from our own population.

In conclusion, this study suggests that SPA-PSV assessment can
provide additional information regarding the risk of having fe-
tal Hb Bart’s disease and may help couples to make a decision
about the technique of further fetal diagnosis, either invasive
diagnosis with cordocentesis or serial ultrasound. Moreover,
this new marker may be used as an adjunct to other ultra-
sound markers for fetal Hb Bart’s disease, such as cardiothorac-
ic ratio or middle cerebral artery.
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ABSTRACT: Objective. To create a normal reference
table of fetal liver length in normal fetuses

Methods. A prospective, cross-sectional study was
conducted on normal pregnancies with accurate ges-
tational age (GA) from 14 to 40 weeks of gestation. All
fetuses were measured for fetal liver length from the
top of the right hemidiaphragm to tip of the right liver
lobe on coronal image of the fetal abdomen, using
high-resolution real-time ultrasound with a 2- to
4-MHz convex transducer.

Results. A total of 685 normal pregnant women
between 14 and 40 weeks of gestation were recruited.
Forty-five were excluded due to poor image quality
and fetal abnormalities. The remaining 640 were
available for analysis. The linear regression model
was best fitted to estimate the 5th, 50th, and 95th per-
centile range of liver length at each gestational week.
Fetal liver length was gradually increased with GA
with fitted equation as follows: Liver length (mm) =
1.61 (GA, week) — 6.75 (* = 0.94, p < 0.001).

Conclusion. A normal reference range of fetal liver
length for each GA between 14 and 40 weeks was
constructed. This may be a useful tool in assessment
for some fetal pathologic conditions, especially when
fetal anemia is suspected. © 2010 Wiley Periodicals,
Inc. J Clin Ultrasound 39:74-77, 2011; Published online
in Wiley Online Library (wileyonlinelibrary.com). DOI:
10.1002/jcu.20756

Keywords: fetus; liver
ultrasound; obstetrics

length; nomogram;

he fetal liver is an active site of hematopoie-
sis in the second trimester and it is a major
site of extramedullary hematopoiesis in fetuses
complicated by anemia such as Rh isoimmuniza-
tion, resulting in enlargement of liver size.' In
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addition, liver size is markedly affected by abnor-
mal fetal growth. Therefore, measurement of fetal
liver length can be helpful in the diagnosis of sev-
eral pathologic conditions associated with changes
in fetal liver size, for example, a decrease in liver
size associated with intrauterine growth restric-
tion? or liver enlargement associated with fetal
anemia due to severe Rh isoimmunization® or Hb
Bart’s disease® or hepatomegaly in the case of
maternal diabetes.* However, it is essential that
normal reference range of liver length be first
established. A number of reports have indicated
that the average birth weight in Eastern popula-
tions is lower than in Western populations and it
has been shown that different standards of ultra-
sound-based fetal growth are needed for different
populations.>® Therefore, nomograms of the fetal
liver length may be population-specific.

Although nomograms of liver length have been
previously published, most are based on small sam-
ple size and/or do not include fetuses in early sec-
ond trimester, which is particularly helpful in the
prediction of severe anemia occurring in early ges-
tation such as in Hb Bart’s disease.”® Moreover,
some did not provide a table of predictive values
for each gestational age.? Also, the lower border of
the liver is often unclear and not easily distin-
guished from surrounding structures using earlier
models ultrasound machines.

The objective of the present study was to establish
the nomogram of fetal liver length in a Thai popula-
tion with a high-resolution machine and adequate
sample size from 14 to 40 weeks of gestation.

MATERIALS AND METHODS

This prospective cross-sectional descriptive
study was conducted between September 1st,
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2007 and October 31st, 2009 in the Department
of Obstetrics and Gynecology, Faculty of Medi-
cine, Chiang Mai University, Thailand. This
research was approved by the research ethical
committee of our institution and financially sup-
ported by the Thailand Research Fund and the
Commission on Higher Education of Thailand.
Pregnant women attending our antenatal care
clinic were recruited into the study and signed
written informed consent. Inclusion criteria
included an accurate gestational age (GA) based
on regular menstruation with knowledge of the
exact date of last menstrual period and fetal bi-
ometry in the first half of pregnancy, a GA
between 14 and 40 weeks, and a low-risk
pregnancy without any obstetrical or medical
complication. Exclusion criteria included fetal
malformations or chromosome abnormalities,
small-for-gestational age fetuses (less than 10th
percentile for a given GA), or macrosomia (more
than 90th percentile), multifetal pregnancy, and
poor imaging of fetal liver border on ultrasound
examination.

All ultrasound examinations were performed
by experienced perinatologists using Voluson E8
scanner (GE Healthcare, Milwaukee, WI) with a
transabdominal 2- to 4-MHz curvilinear trans-
ducer. In each case, a routine standard sono-
graphic examination, including fetal anomaly
screening and fetal biometry, was performed
first. The steps in liver length measurement
were as follows: the fetal upper abdomen was
first imaged in an axial view at the level of the
stomach and the liver was demonstrated to
occupy the most part of the fetal abdomen. To
obtain the proper plane for measurement, the
transducer was swiveled and the aorta was
imaged in the longitudinal plane. The trans-
ducer was then moved parallel to this plane
until the tip of the right lobe and right hemidia-
phragm were demonstrated. Occasionally, the
transducer had to be slightly rotated or tilted to
visualize both the diaphragm and the tip of the
right lobe of the liver. Fetal liver length was
measured from the top of the right hemidia-
phragm, usually at the right margin of the heart
in contact with the hemidiaphragm, to the tip of
the right lobe using the electronic calipers of the
scanner as shown in Figure 1. At least three sets
of measurements were made and the values
were averaged and recorded. Baseline demo-
graphic and obstetric data of the pregnant
women were also recorded. The ultrasound
examinations were performed by two operators.
The first 20 measurements were performed by
both of them to assess interobserver variations.
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FIGURE 1. Liver length measurement of a 18-week fetus in the right-
side-up position.

Statistical Analysis

GA as an independent variable and liver length
as a dependent variable were used to generate
the best-fit regression equation, using the SPSS
software version 17.0 (SPSS, Chicago, IL). The
resulting residuals were tested for normality of
distribution, using Kolmogorov-Smirnov and
Shapiro-Wilk tests. If necessary, the data were
transformed and the new residuals were checked
if they conformed to a normal distribution. Data
were also examined to determine whether the
standard deviation of the residuals varied across
the range of values for GA using Levine’s test. If
a significant heteroscedasticity was found,
weighted regression of absolute residuals was
used to adjust the standard deviation. Based on
the best-fit equation and the predicted standard
deviation, predictive values for 5th, 50th, and
95 percentile ranges of fetal liver length were
constructed.

RESULTS

A total of 685 pregnant women were recruited
into the study and 45 were later excluded due to
poor quality ultrasound images, especially when
the fetuses were in right-side-down position,
fetuses with growth restriction (birth weight of
less than 10th percentile), macrosomia, and fetal
structural or chromosomal anomalies, including
congenital heart defects,® abdominal wall defect,?
and diaphragmatic hernia.’ In the remaining 640
women, the average number of measurements
per week was 20.7, ranging from 12 to 30 per
week. The mean (+ SD) maternal age was 27.4 *
5.7 years (range, 15-43 years). Two-hundred
ninety-four (45.9%) women were nulliparous.
The liver length was found to increase in a linear
fashion throughout the second and third trimes-
ters (Figure 2). The liver length had normal
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FIGURE 2. Scattergram of the liver length by gestational age. The
three lines represent predicted value of mean and 95% confidence
intervals.

distribution at all GAs. The best regression model
was found to be linear with the following best fit-
ted equation: Liver length (mm) = 1.61 GA (in
weeks) — 6.750 (r* = 0.94, p < 0.001). Values of
liver length at each GA for 5th, 50th, and 95th
percentiles are shown in Table 1. The interob-
server mean difference for the measurement of
liver length was 4.6%.

DISCUSSION

This study has shown that fetal liver length in
normal Thai fetuses gradually increases with lin-
ear growth pattern from 14 to 40 weeks of gesta-
tion. In general, the fetal liver is the earliest and
most severely affected organ in fetal growth
abnormalities. The direct ultrasonographic mea-
surement of the fetal liver, therefore, may be
helpful in evaluating early stages of abnormal fe-
tal growth. We believe that this normative data
of fetal liver length may have several applica-
tions in clinical practice such as in evaluation of
fetal growth in cases of intrauterine growth
restriction,? gestational diabetes,® twin-to-twin
transfusion syndrome,'® and in surveillance of fe-
tal anemia due to isoimmunization™'*'? or hemo-
globin Bart’s disease.'®

Compared with the normal reference range in
previous reports between 20 and 41 weeks of ges-
tation,'* 1% fetal liver length in our study is
slightly lower. This may be due to racial factors.
This finding suggests the need to construct sepa-
rate nomograms for specific populations.
Although our data seem to be comparable to
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TABLE 1
Nomogram of Predicted Liver Length Values (mm) by
Gestational Age Shows 5th, 50th, and 95th Percentiles

Fetal Liver Length (mm) Percentiles (Smoothed)

GA (weeks) bth Percentile  50th Percentile  95th Percentile
14 9.9 15.8 21.7
15 11.6 17.4 23.3
16 13.2 19.0 24.9
17 14.8 20.6 26.5
18 16.4 22.3 28.1
19 18.0 23.9 29.7
20 19.6 255 31.3
21 21.3 271 32.9
22 22.9 28.7 34.6
23 245 30.3 36.2
24 26.1 31.9 37.8
25 27.7 33.5 39.4
26 29.3 35.2 41.0
27 30.9 36.8 42.6
28 325 38.4 44.2
29 34.2 40.0 45.8
30 35.8 41.6 47.5
31 37.4 43.2 49.1
32 39.0 44.8 50.7
33 40.6 46.4 52.3
34 42.2 48.0 53.9
35 43.8 49.7 55.5
36 45.4 51.3 57.1
37 47.0 52.9 58.7
38 48.6 54.5 60.4
39 50.3 56.1 62.0
40 51.9 57.7 63.6

those reported by Phatihattakorn et al in the
Thai population,®!®® these authors derived
their nomogram from raw data, not from the fit-
ted regression equation. Due to a possible racial
effect, our nomogram may be more appropriate
for Eastern than Western populations.

Liver size may be useful in differentiating
anemic fetuses from nonanemic ones among
those at risk for severe anemia, especially Hb
Bart’s disease. Recently, the liver volume has
also been studied.'”® However, liver volume
measurement from 3D datasets is time-consum-
ing and rarely used in daily practice. We believe
that a simple measurement of fetal liver length
may be more practical. Our study also showed
good reproducibility with a low interobserver
variation.

Because anemia in Hb Bart’s disease, which is
a common problem in Southeast Asia, usually
occurs in early gestation, hepatomegaly in
fetuses with Hb Bart’s disease may develop as
early as in the late first trimester. Therefore it is
important that the nomogram includes fetuses in
early second trimester. Hepatomegaly is obvious
in advanced hydrops fetalis secondary to fetal
anemia.? However, although the classic hydropic
changes due to Hb Bart’s disease are likely to
occur after 20 weeks, our experience of prenatal
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diagnosis in the early second trimester suggests
that fetal liver size may be useful in differentiat-
ing normal from affected pregnancies. This is yet
to be tested in further studies. To the best of our
knowledge, no studies regarding liver size as a
predictor of Hb Bart’s disease in the first half of
pregnancy has been reported. Some studies have
shown that the liver length could identify
affected pregnancies with a high sensitivity and
specificity in fetuses with Rh isoimmunization,
although they included few patients at 18-22
weeks of GA.12°

A limitation of our study is that, in several
fetuses in right-side-down position, the liver
could not be clearly delineated, resulting in
exclusion of those cases. This suggests the inabil-
ity to apply this measurement to all fetuses.
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Venous Doppler studies in low-output

and high-output hydrops fetalis

Theera Tongsong, MD; Fuanglada Tongprasert, MD; Kasemsri Srisupundit, MD; Suchaya Luewan, MD

OBJECTIVE: The objective of the study was to compare fetal venous
Doppler flow reflecting cardiac function in fetuses with hydrops fetalis
between a group of congenital heart defect (low cardiac output) and a
fetal anemia group (high cardiac output).

STUDY DESIGN: This was a prospective cross-sectional analysis. It
was conducted at the Maharaj Nakorn Chiang Mai Hospital, Tertiary
center, Medical School. The study included fetuses with hydrops fetalis
secondary to cardiac causes (low output group) and anemia (high out-
put group). All fetuses underwent ultrasound examination to assess
ductus venosus (DV) and umbilical vein (UV) Doppler indices. The re-
sults were related to normal reference range and were also compared
between the group of high-output and the low-output group.

RESULTS: Sixty-nine hydropic fetuses were available for analysis, 50 in
the high-output group and 19 in the low-output group. The peak velocity

index, preload index, and the pulsatility index of the DV were signifi-
cantly low in the high-output group, whereas they were significantly
high in the low-output group. The umbilical vein pulsations were found
in 78.9% of the fetuses with low-output hydrops fetalis but only 28.0%
of fetuses in the high output group (P << .001).

CONCLUSION: New insights gained from this study are that hydrops
caused by severe anemia because of hemoglobin Bart’s is not associ-
ated with high central venous pressures as is seen in hydropic fetuses
with coronary heart disease. This suggests that cardiac decompensa-
tion is not the primary mechanism of hydrops in these anemic fetuses.
Additionally, umbilical vein pulsations are not a sign of cardiac failure in
the anemic group.

Key words: cardiac output, Doppler velocity, ductus venosus,
hydrops fetalis
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F etal hydrops represents a specific
condition characterized by an in-
crease of total body water content, de-
fined by fluid collections in at least 2 fetal
body compartments such as ascites,
pleural, and/or pericardial effusion
and/or the skin edema. Hydrops fetalis is
not a diagnosis in itself but a symptom
and the end-stage of a wide variety of dis-
orders. In chromosomally normal fe-
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tuses, low-output (myocardial dysfunc-
tion) and high-output (anemia) hydrops
fetalis account for the large portion of
cases.' Based on the largest systematic re-
view by Bellini et al,' congenital heart de-
fect is a major cause of hydrops fetalis,
accounting for 21.7%. However, in
Southeast Asia hemoglobin Bart’s dis-
ease is responsible for 70-85% of all
cases.”

Pathophysiology of hydrops fetalis re-
mains controversial. The postulated
mechanisms are cardiac failure second-
ary to either cardiac defects (low cardiac
output) or fetal anemia (high cardiac
output). Additionally, other causes such
as decreased colloid oncotic plasma
pressure or obstruction of venous/lym-
phatic flow can play a role in a minority
of cases.

In fetal anemia, increased cardiac out-
put seen in these fetuses is believed to be
due to a decrease in blood viscosity,
which, in turn, leads to increased venous
return and cardiac preload, resulting in
cardiac failure and finally hydrops fetalis.
However, Hecher et al’ showed that fetal
anemia in nonhydropic Rh isoimmu-
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nized fetuses is associated with a hyper-
dynamic circulation in both arterial and
venous vessels, but even in severe ane-
mia, there is no evidence of congestive
heart failure. This is consistent with our
experience in fetal anemia caused by he-
moglobin Bart’s disease.

We have often observed a normal car-
diac function in these fetuses with frank
hydrops fetalis, raising a question of car-
diac failure as a primary cause of hydrops
fetalis because of anemia. Therefore, this
study focused on venous Doppler
changes, as a surrogate marker for car-
diac function assessment, in fetal hy-
drops secondary to low cardiac output
(congenital heart disease) and high car-
diac output (anemia).

There have been several studies on arte-
rial Doppler changes in fetal anemia, but
very few publications have studied on ve-
nous Doppler change, especially when hy-
drops fetalis has already developed. Be-
cause venous Doppler changes directly
reflect cardiac decompensation, the stud-
ies may be informative for pathophysiol-
ogy of hydrops fetalis. Understandings on
venous Doppler changes may be helpful in
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predicting prognosis or differentiating
causes or making a choice of management.
Moreover, the difference between cardiac
function in low-output and high-output
hydrops fetalis has never been published.

The purpose of this study was to com-
pare fetal venous Doppler indices among
fetuses with hydrops fetalis between a
group of congenital heart defect (low
cardiac output) and a fetal anemia one
(high cardiac output).

MATERIALS AND METHODS

A cross-sectional prospective analytic
study was conducted with the approval
of the Research Ethics Committee 3,
Faculty of Medicine, Chiang Mai Uni-
versity, Chiang Mai, Thailand. Single-
ton pregnancies with hydropic fetuses
secondary to hemoglobin Bart’s dis-
ease and those with cardiac causes were
recruited into the study with informed
written consent.

The prenatal diagnosis of hydrops
fetalis was defined by demonstration of
fluid accumulations in at least 2 fetal
body compartments such as serous
cavities of the fetus (abdominal ascites,
pleural, and/or pericardial effusion)
and/or the skin edema. When hydrops
fetalis was diagnosed, detailed ultra-
sound was performed and causes of
hydrops fetalis were identified. Hy-
drops fetalis due to causes other than
hemoglobin Bart’s and congenital
heart defects was excluded from
analysis.

The diagnosis of hemoglobin Bart’s
disease was based on fetal cord blood
analysis, whereas the diagnosis of con-
genital heart diseases was based on de-
tailed fetal echocardiography by an
experienced examiner. Ultrasound ex-
aminations were performed using real-
time machines either Aloka alpha-10
(Tokyo, Japan) or Voluson E8 (GE
Healthcare, Indianapolis, IN). The max-
imal ultrasound intensity was set at 100
mV/cm® spatial peak temporal average
and the high-frequency filter set at 125
Hz to remove signals from slow moving
tissues. On ultrasound examination, ve-
nous Doppler waveforms were recorded
from the ductus venosus and the umbil-
ical vein at a free-floating loop of the

cord. The size of the sample volume was
adapted to the vessel diameter to cover it
entirely.

All recordings used for measurements
were obtained in the absence of fetal
breathing movements, and the angle be-
tween the ultrasound beam and the di-
rection of blood flow was less than 30°,
and velocity measurements were taken
after correction for the angle of in-
sonation. The best 3 consecutive wave-
forms were automatically analyzed by
the built-in software.

The venous Doppler indices examined
included the peak forward velocity dur-
ing systole (S), representing forward
flow secondary to dilatation of right
atrium during ventricular systole, peak
forward velocity during diastole (D), re-
flecting ventricle filling during diastole,
and lowest forward velocity or peak re-
versed velocity during atrial contraction
(a) as well as the time average maximum
velocity (Tamx) were determined. The
peak velocity in veins (PVIV; S-a/D),
preload index (PLI; S-a/S), and the pul-
satility index for veins (PIV; S-a/Tamx)
were automatically calculated during the
measurement.

Umbilical venous blood velocity was
recorded. Pulsating blood velocity in the
umbilical vein was defined as a decrease
in velocity by more than 15% of the max-
imal velocity. When more than 1 ultra-
sound examinations were performed,
only the last one was included to the
analysis. The results were related to nor-
mal reference range data of venous
Doppler for the ductus venosus.* The
data were also compared between the
group of high-output hydrops fetalis and
the low-output group.

Statistical analysis was performed
with SPSS version 17 for Windows
(SPSS, Inc, Chicago, IL). Student ¢ test
or Mann-Whitney U test were used for
the comparison of continuous vari-
ables. The Kruskal-Wallis nonpara-
metric test was used to evaluate trends
in z-score or mean difference. Com-
parison of proportion was performed
with x* or Fisher’s exact test where ap-
propriate. P < .05 was considered sta-
tistically significant.

( )

TABLE 1

Distribution of the causes

of hydrops fetalis

Causes n

High-output hydrops fetalis 50
Hemoglobin Bart’s disease 50

Low-output hydrops fetalis 19
Ebstein’s anomaly
Hypoplasia left heart 4
Atrial flutter/supraventricular 3
tachycardia
Heterotaxy 3
Small heart syndrome 3
Tricuspid atresia 1

Tongsong. Venous Doppler in hydrops fetalis. Am |
Obstet Gynecol 2010.

RESULTS
Sixty-nine singleton pregnancies with fe-
tal hydrops were successfully recorded
for venous Doppler waveforms and
available for analysis. Of these, 50 fetuses
had hydropic changes due to hemoglo-
bin Bart’s disease, classified as the high-
output hydrops fetalis and 19 were hy-
drops fetalis secondary to congenital
heart defect, classified as the low-output
hydrops fetalis. The causes of hydrops fe-
talis are summarized and presented in
Table 1. The mean gestational age was
26.3 * 5.2 weeks (range, 17-36 weeks),
27.7 = 5.2 weeks, and 25.7 *= 3.7 weeks
for all fetuses, the high-output group,
and the low-output group, respectively.
Venous Doppler studies show that
most fetuses in both groups had signifi-
cantly difference in ductus venosus indi-
ces, in terms of PLI, PVIV, and PIV.
When compared with the normal values
of the reference ranges reported by Bas-
chat,* the mean differences from normal
mean of the Doppler indices in the high-
output group were significantly lower
(Student ¢ test; P < .001), whereas the
mean differences of the Doppler indices
in the low-output group were signifi-
cantly higher than those in normal mean
for each gestational week (Student # test;
P <.001) (Table 2). The scattergram of
PLI, PVIV, and PIV of the ductus veno-
sus is presented in Figure 1.
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TABLE 2
Comparison of ductus venosus Doppler indices of hydropic
fetuses to appropriate normal mean for gestation
Mean Percent
Variable n difference change t P value
High-output hydrops fetalis
Preload index 50 —0.066 —13.16% —5.045 <.001
Peak velocity index 50 —0.063 —10.86% —4.224 < .001
Pulsatility index 50 —0.045 —7.018%  —2.489 <.001
Low-output hydrops fetalis
Preload index 19 0.089 +17.03% 5.746 <.001
Peak velocity index 19 0.149 +25.40% 9.532 < .001
Pulsatility index 19 0.135 +20.54% 5.672 <.001
Tongsong. Venous Doppler in hydrops fetalis. Am ] Obstet Gynecol 2010.
. J
FIGURE 1
Preload index of ductus venous in hydrops fetalis
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The umbilical vein pulsations were
found in most cases of the fetuses with
low-output hydrops fetalis (Figure 2),
whereas only a small portion of fetuses in
the high-output group had umbilical
vein pulsations, either 1-phase pulsa-
tions (Figure 3) or 2-phase pulsations
(Figure 4). The prevalence of the umbil-
ical vein pulsations of the both groups is
significantly different (Pearson x* test;
P <.001) (Table 3).

Of interest, 2 fetuses in the high-out-
put groups showed no umbilical vein
pulsations at 20 and 21 weeks but
showed 1-phase pulsation the following
week, during waiting for final diagnosis
from fetal blood analysis. Of note, no
case in this study was found to have a
triple pulsation of the umbilical vein.

COMMENT

Several fetal conditions such as congeni-
tal heart defects, anemia, or infection,
leading to myocardial dysfunction, car-
diac decompensation, and hydrops fe-
talis may also correspond with changes
in the venous blood flow,>® and venous
Doppler studies can therefore be helpful
in differentiating causes of hydrops
fetalis.

Our results showed the different pat-
terns of venous Doppler between a group
of hydrops fetalis associated with low
cardiac output (cardiac defects) and a
group of high cardiac output (fetal ane-
mia). Low-output hydropic fetuses dem-
onstrated Doppler signs of an increase in
central venous pressure in most cases,
whereas high-output hydropic fetuses
did not show high central pressure re-
flected by normal or even low preload
index, peak velocity index, and pulsatil-
ity index for vein in ductus venosus, in
spite of hyperdynamic circulation or hy-
pervolemia, indicating hydrops fetalis
has developed before cardiac decompen-
sation. This finding is against a long-be-
lieved concept that hydrops fetalis is a
consequence of congestive heart failure
as a result of anemia.

Most fetuses with cardiac defects (ie,
Ebstein’s anomaly, tricuspid atresia, or
hypoplastic heart) have impaired ven-
tricular filling with alteration of the fetal
hemodynamics and usually manifest as
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The upper panel shows ductus venosus Doppler waveforms with retrograde flow during atrial con-
traction. The lower panel shows umbilical vein 2-phase pulsations (2 pulses in 1 cardiac cycle). Note
that the preload index tends to decrease with gestational age.

Tongsong. Venous Doppler in hydrops fetalis. Am ] Obstet Gynecol 2010.

an abnormal venous Doppler signal, in-
dicating increased central venous pres-
sure.” Increased pulsatility or preload in-
dex in these fetuses may be an early
indicator for the occurrence of conges-

tive heart failure followed by fetal hy-
drops. This may be due to a relative re-
striction of the foramen ovale because of
amassive increase in transatrial right-to-
left shunt. In these cases, the ability to

Example of high-output hydrops fetalis
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The upper panel shows ductus venosus Doppler waveforms with normal triphasic pattern with very
high forward flow during atrial contraction. The lower panel shows umbilical vein pulsations (simul-
taneously recorded for umbilical artery waveforms) as well as high peak velocity in umbilical artery.
Note that the venous pattern shows 1-phase pulsations, representing forward flow during diastolic
filling or corresponding to the D wave of ductus venosus, but the S wave does not appear on the

umbilical vein recording.

Tongsong. Venous Doppler in hydrops fetalis. Am ] Obstet Gynecol 2010.
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increase left ventricular volume flow is
mandatory to compensate for the de-
creased right ventricular function.”°

These fetuses are often associated with
right atrial and venous pressure increase
with subsequent fetal hydrops. There-
fore, in the low-output group, abnormal
venous Doppler should be interpreted as
a sign of cardiac decompensation rather
than a primarily hemodynamic change
resulting from the cardiac defect. On the
other hand, fetuses with severe heart de-
fects with normal venous Doppler indi-
ces are unlikely to develop hydropic
changes. However, fetuses with cardiac
defects with hydrops fetalis almost al-
ways show abnormal venous Doppler
velocity. The a wave of DV corresponds
to atrial contraction, and it was found to
be reversed in cases of severe congestive
heart failure, probably as a result of an
abnormally high atrial pressure,'’ as
seen in the low-output group of this
study (Figure 2).

Fetal heart failure or hypoxia in
growth-restricted fetuses can result in
increased central venous pressure and
increased pulsatility, leading to the
opening of the ductus venosus, propaga-
tion of pulsating pattern to the umbilical
vein.>'*"'> Additionally, increased right
atrial pressure results in decreased dia-
stolic blood flow velocities and often
augments reversal of flow in end-diastole
at the time of atrial contraction. This
phenomenon was also consistently seen
in a group with cardiac defect in this
study but not in the anemic group.

Normal umbilical venous flow has no
fluctuation due to the filtering effect of
the ductus venosus which act as a sphinc-
ter-like mechanism that can regulate the
amount of oxygenated blood shunted to
the foramen ovale.'® However, increased
central venous pressure can facilitate
opening of the ductus venosus and thus
transmission of central venous pulsa-
tions into the umbilical vein. The pattern
of umbilical pulsation depends on the
degree of its opening,'*'”'®

Surprisingly, our study indicates that
fetal anemia or hypervolemia is not asso-
ciated with venous Doppler signs of in-
creased central pressure. Most of these
fetuses showed normal or even low pre-
load and pulsatility index, suggesting
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Example of high-output hydrops fetalis
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Umbilical vein

The upper panel shows ductus venosus Doppler waveforms with normal pattern with normal preload.
The lower panel shows umbilical vein pulsations along with umbilical artery recording. Note that the
venous pattern shows 2-phase pulsations, representing forward flow during systole (S wave) and
diastolic filling (D wave) on the umbilical vein recording.

Tongsong. Venous Doppler in hydrops fetalis. Am ] Obstet Gynecol 2010.

that hydrops fetalis is not primarily
caused by high-output cardiac decom-
pensation. Although long-lasting hyper-
volemia can lead to marked cardio-
megaly, and finally to cardiac failure,"
cardiomegaly reflects rather high com-
petency of cardiac compensation than
cardiac failure. In spite of hypervolemia,
normal or a decrease in ductus venosus
preload corresponds to effective ventric-
ular contractility.

A reduction of PLL, PVIV, and PIV val-
ues in the fetuses of the high-output
group indicates an increase in forward
flow volume and decreased forward flow
resistance in the ductus venosus. This in-
crease of venous return is consistent with
an increase of cardiac output. Of inter-
est, umbilical vein pulsations in this

group did not represent cardiac decom-
pensation as seen in the low-output
group because they developed in spite of
low preload index or low central venous
pressure. These pulsations signify the
opening or dilatation of sphincter-like
ductus venosus in benign response to hy-
pervolemia instead of back pressure
from cardiac decompensation.

We postulate that during the early
stage of anemia, hydropic change can oc-
cur, the fetus effectively compensates by
increasing the cardiac dimension and
contractility, leading to an increase in S
wave without increased central pressure.
Congestive heart failure and increased
atrial pressure do not develop in most
fetuses with high-output hydrops fetalis
ifthey are notin the end-stage. Addition-

Comparison of the presence of umbilical vein pulsations
among the both groups of hydrops fetalis

ally, a change in portocaval pressure gra-
dient, which determines the ductus ve-
nosus blood velocity,?® may play a role in
increased a wave (lower PLI).

This study suggests that the normal fe-
tal heart is extremely high, capable of
compensation to cope with anemic hyp-
oxia. Marked cardiomegaly because of
anemia probably reflect high compe-
tency of adaptation, rather than cardiac
decompensation. This is consistent with
our observation that several cases of hy-
drops fetalis because of hemoglobin
Bart’s disease can survive in utero with
reactive nonstress test in spite of marked
cardiomegaly without other signs of in-
creased central pressure.

Our findings imply that, in fetal ane-
mia, local and systemic compensatory
mechanisms are highly effective and may
help the fetus to survive. On the other
hand, some of these mechanisms at the
same time increase the imbalance of
Starling forces, resulting in enhanced in-
terstitial fluid accumulation before the
compensatory mechanisms break down.

Although anemia in this series was le-
thal and the Doppler studies in these fe-
tuses are not of value, it could be a study
model for less severe causes of anemia
such as Rh isoimmunization or parvovi-
rus B19. Although fetuses with high-out-
put hydrops fetalis may have poor prog-
nosis in overall, a better prognosis can
still be expected, as long as the venous
Doppler velocities are normal. Concern-
ing hydrops fetalis because of anemia
secondary to treatable causes, venous
Doppler pattern may theoretically be
used to differentiate hydropic fetuses
with congestive heart failure or myocar-
dium compromise, from one without
heart failure. Thus, venous Doppler as-
sessment may be helpful in predicting
the prognosis and therefore in making a
choice of management.

In conclusion, new insight gained
from this study is that low-output and
high-output hydrops fetalis have differ-

Umbilical vein pulsations ent abnormal venous Doppler wave-

Group n Absent Present Pvalue forms. This study provides strong evi-
High-output hydrops fetalis 50 36 (72.0%) 14 (28.0%) < 001 dence that, in the fetuses with low

: cardiac output, myocardial dysfunction
Low-output hydrops fetalis 19 4 (21.1%) 15 (78.9%) < .001

and cardiac decompensation is a pri-
mary cause of hydrops fetalis, whereas
hypervolemia is the primary cause in the

Tongsong. Venous Doppler in hydrops fetalis. Am ] Obstet Gynecol 2010.
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fetuses with high cardiac output and car-
diac failure is a consequence only when
cardiac compensatory mechanism is ex-
hausted. Additionally, umbilical vein
pulsations with normal or low preload
index probably represent ductal opening
in benign response to hypervolemia
rather than myocardial dysfunction as
seen in low cardiac output in fetal car-
diac defects or in fetal growth restric-
tion-related hypoxia. [ |
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Abstract

Objective To create a nomogram for fetal splenic cir-
cumference of normal fetuses.

A prospective, cross-sectional
study was undertaken on normal pregnancies with certain
date from 14 to 40 weeks of gestation. All fetuses were
measured for fetal splenic circumference by tracing tech-
nique on transverse view of the fetal abdomen, using high-
resolution real-time ultrasound with a 2-4 MHz convex
transducer.

Results A total of 684 normal pregnant women between
14 and 40 weeks of gestation were recruited. Fifty-eight
were excluded because of poor image quality and fetal
abnormality. The remaining 626 were available for anal-
ysis. Quadratic equation model was best fitted to estimate
the Sth, 50th and 95th percentile range of splenic cir-
cumference at each gestational week. Fetal splenic cir-
cumference was gradually increased with gestational age
with fitted equation as follows: splenic circumference
(cm) = —4.181 4 0.456 (GA) —0.001 (GA)* (r = 0.942,
p < 0.001). The table of nomogram for various percentile
ranges was constructed.

Conclusion A normal reference range of fetal splenic
circumference for each week of gestational age during
14-40 weeks is established.

Materials and methods
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Introduction

The spleen is visualized on a transverse plane as a solid
organ posterior to the stomach. It is hematopoietically
active, especially during 12-24 weeks of gestation. Fetal
anemia as well as intrauterine infection can lead to extra-
medullary hematopoiesis, resulting in an increase in splenic
size. Splenic size measurement may be helpful in the
prediction of fetal anemia [1]. There is a significant cor-
relation between splenic circumference and severe fetal
anemia [1, 2]. For example, Bahado-Singh et al. [2] found
that splenic circumference was an excellent predictor of
severe anemia in Rh-alloimmunized nonhydropic singleton
fetuses (sensitivity 100%, and specificity 94.7%). Further-
more, splenomegaly may also be associated with other
causes such as non-immune hydrops fetalis, infection, and
inborn errors, e.g. Gaucher disease and Nieman-Pick
disease. Therefore, a nomogram can be useful in detecting
abnormalities of the fetal spleen and thus provide a new
complementary method to identify possible fetal disorders
[3]. Consequently, normative data of splenic circumference
have been published by several authors. Nevertheless, most
are based on small sample size and most do not include
fetuses in early second trimester, which is particularly
helpful in the prediction of severe anemia occurring in
early gestation such as Hb Bart’s disease [4, 5]. Addi-
tionally, some did not provide table of predictive values for
each gestational week, but only summary of raw data of
each gestational week which are difficult for clinical
use [6]. Importantly, as already known, outline border of
the spleen is often unclear and is not easily discriminated
from surrounding structures by ultrasound machines of
earlier models, used in most previous studies. Moreover,
several reports suggest that the average birth weight of the
Eastern fetuses is lower than that of the Western and a
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different standard of ultrasound-based fetal growth is
needed for different population [7, 8]. Therefore, it is very
important to create a new nomogram of the fetal splenic
circumference that can be used more appropriately for its
own population.

The objective of the present study was to establish a
nomogram of fetal splenic circumference from 14 to
40 weeks of gestation based on high-resolution machine
and adequate sample size, in the hope that this may be
baseline normative data in evaluation of fetuses at risk of
fetal anemia.

Materials and methods

This prospective cross-sectional descriptive study was
undertaken between 1 September 2007 and 31 October 2009
at Maharaj Nakorn Chiang Mai Hospital, Chiang Mai
University, Thailand with an approval of the research ethical
committee. Pregnant women attending our antenatal care
clinic were recruited into the study with written informed
consents. Inclusion criteria included (1) accurate gestational
age based on sonographic dating in the first half of preg-
nancies and reliable last menstrual period, (2) gestational
age between 14 and 40 weeks and (3) low-risk pregnancy
without known obstetric and medical complications.
Exclusion criteria included (1) fetal malformation or chro-
mosome abnormalities, (2) small- or large-for-gestational
age (less than 10th or more than 90th percentile for gesta-
tional age), (3) multifetal pregnancy, and (4) poor imaging
of fetal splenic border outline on ultrasound examination.
All sonographic measurements were performed by experi-
enced sonographers with high-resolution real-time machine,
Voluson E8 (GE Healthcare, USA) equipped with transab-
dominal 2—4 MHz curvilinear transducers.

In each examination, a routine standard sonographic
examination, including fetal anomaly screening and fetal
biometry was first performed. On splenic measurement, the
ultrasound transducer was oriented to obtain the transverse
view of the fetal upper abdomen and then the fetal spleen is
identified as a triangular or crescent-shaped structure with
homogeneous echo density, nearly or slightly echogenic
than the liver, posterior to the fluid-filled stomach and
lateral to the left adrenal gland, as shown in Fig. 1. The left
adrenal is occasionally imaged between the spine medially
and the spleen laterally. Splenic length and width were
measured and splenic circumference was measured by the
trace method and by calculation from the formula:
circumference = (length + transverse dimension) x 1.57.
The three best measurements were averaged and digitally
recorded in the computerized record form. Baseline
demographic and obstetric data of the pregnant women
were also recorded digitally at the same time. The pregnant
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Fig. 1 Measurement of the fetal spleen at 14 weeks of gestation in
position of left side down (upper) and the fetus at 32 weeks of
gestation in position of left side up (lower)

women were taken care by standard antenatal care. The
stored data were analyzed for the 5th, 50th and 95th per-
centile of fetal splenic circumference for each week of
gestation. Regression analysis was used to express the
correlation between the splenic circumference and gesta-
tional age. Predicted percentile curves for the splenic cir-
cumference values were derived using the statistical
package for the social sciences (SPSS) version 17.0
(Chicago, USA).

Results

A total of 684 normal pregnant women between 14 and
40 weeks of gestation were recruited. Fifty-eight were
excluded because of poor image quality especially in cases
of early gestation and fetal abnormalities; birth weight of
less than 10th percentile, macrosomia, and fetal structural or
chromosome anomalies, including congenital heart defects,
abdominal wall defect, and diaphragmatic hernia. The
remaining 626 measurements were available for analysis
and the average measurement per week was 20.2, ranging
from 11 to 30 per week. The mean (+SD) maternal age was
27.5 £ 5.4 years (1543 years). Two-hundred and eighty-
six (45.69%) were nulliparous. A comparison between
splenic circumference derived by calculation technique and
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Fig. 2 Scattergrams of splenic
circumference for each week
of gestation, the three lines
represent predicted value of
median and 95% confidence
interval
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tracing technique shows that the values by tracing technique
are significantly higher than that derived from the formula
(paried-t test, two-tailed <0.001, Mean difference 15.4%
with standard deviation 8.3%). Splenic circumference
(tracing technique) was found to increase as a quadratic
equation throughout the second and third trimesters as
shown in Fig. 2. The distribution of splenic circumference
shows normal in all gestational weeks, using Kolomogorov—
Smirnoff test. Regression analysis was used to identify
the best regression model for their relations. The best fit-
ted equation is quadratic function as follows: splenic cir-
cumference (cm) = —4.181 + 0.456(GA) — O.OOI(GA)2
(r =0.942, p < 0.001). The table of predicted reference
range for 5th, 50th, and 95th percentile of splenic circum-
ference was constructed (Table 1). The results show a
gradual increase in splenic circumference over the period of
14—40 weeks as shown in Fig. 2. The interobserver mean
difference for the measurement of splenic circumference
was 5.4%.

Discussion

The nomogram of splenic circumference or splenic size
may be served as a basis for early detection of hydrops

T I T I I T T I I T T
20 22 24 26 28 30 32 34 36 38 40

Gestational Age (Weeks)

fetalis or fetal anemia. Additionally, ultrasonographic
identification and measurement of the fetal spleen in utero
is a useful indicator of fetal spleen growth and should
facilitate detection of in utero splenomegaly, asplenia, and
other abnormalities. Nevertheless, the problems of avail-
able nomograms in the literature are based on small sample
size (e.g. only 2-6/week), not including early gestation,
machine in the era of low resolution, and, most impor-
tantly, the splenic circumference values derived by calcu-
lation from length and width which did not exactly
represent spelnic parameter, likely to be less accurate than
tracing the splenic perimeter. This study showed that the
two methods of measurement were significantly different.
Theoretically, tracing method is more reliable than that
derived from the length and width since the spleen shape is
triangular or crescent shape rather than simply geometric.
Therefore, we use tracing method for nomogram con-
struction and we suggest not to use splenic circumference
values derived from width and length. This study has
shown that the fetal splenic circumference in normal Thai
fetuses gradually increases with quadratic growth pattern
unlike linear growth as reported in other studies. This may
be due to very small sample size in most previous studies
[2, 3, 9, 10] to express a little decelerating splenic growth
in late pregnancy.
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Table 1 Nomogram of predicted splenic circumference values (cm)
for each gestational week at 5th, 50th, and 95th percentile

Gestational weeks Splenic circumference (cm)

5th percentile 50th percentile 95th percentile

14 0.01 1.96 391
15 0.43 2.38 4.33
16 0.85 2.80 4.74
17 1.27 3.21 5.15
18 1.68 3.62 5.56
19 2.09 4.03 5.97
20 2.50 4.44 6.38
21 291 4.84 6.78
22 3.31 5.25 7.18
23 3.71 5.65 7.58
24 4.10 6.04 7.98
25 4.50 6.44 8.38
26 4.89 6.83 8.77
27 5.28 7.22 9.16
28 5.67 7.61 9.54
29 6.05 7.99 9.93
30 6.43 8.37 10.31
31 6.81 8.75 10.69
32 7.19 9.13 11.07
33 7.56 9.50 11.44
34 7.93 9.87 11.81
35 8.30 10.24 12.18
36 8.67 10.61 12.55
37 9.03 10.97 1291
38 9.39 11.33 13.28
39 9.75 11.69 13.64
40 10.10 12.05 14.00

Though the normal reference ranges in this study are
comparable with those in previous reports [2, 3, 9, 10],
probably it could not be compared due to the fact that we
use tracing method which is proved in this study to give
higher values. In fact, the normal reference values may be
somewhat lower due to racial factors. Therefore, we sug-
gest the need to construct separate nomogram for each
specific population. Of pregnancies in the Eastern, the
nomogram from this study may be more appropriate to
apply than in those of the Western. Although our data seem
to be comparable with those reported by Chawanpaiboon
et al. [6], it is hard to compare, since their nomogram is
based on raw data, not predicted values derived from the
fitted equation, and the values swing from week to week
which is difficult for clinical application.

Oepkes et al. [1] found a significant positive correlation
between spleen perimeter and fetal hemoglobin deficit and
they concluded that fetal spleen measurements may be a
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useful adjunct to ultrasonographic evaluation in the man-
agement of severe alloimmunized pregnancies. Likewise,
Leung et al. [11] found that fetal splenic size assessment
may be helpful in predicting anemia in fetuses with Hb
Bart’s disease. Anemia in hemoglobin Bart’s disease usu-
ally occurs late first trimester or early second trimester
[4, 5]. Therefore, the nomogram including fetuses in early
gestation, like in this study, may probably be more useful.

The strength of this study include that (1) large sample
size for each gestational week, (2) the splenic circumference
values derived from tracing technique, (3) examination with
high-resolution ultrasound machine, and (4) the nomogram
including fetuses in early second trimester. This may par-
ticularly be helpful in predicting severe anemia occurring in
early gestation such as Hb Bart’s disease. Moreover, inter-
observer variations of the measurement are well acceptable.

One limitation of this study is that, though this mea-
surement is simple, in several fetuses in position of left side
up and the spleen is in area of rib acoustic shadow, border
outline of the spleen could not be clearly visualized,
leading to excluding from the study, suggesting inability to
apply to all fetuses in real practice.

We believe that this nomogram may be helpful in
clinical practice such as evaluation of fetal intrauterine
infection or fetal anemia, especially in isoimmunized
pregnancy [2] or in pregnancy with a hemoglobin Bart’s
fetus [12]. Recently, the splenic volume has also been
studied [13], however, it is difficult or not practical in
actual use. We believe that simple measurement of fetal
splenic circumference is more practical and can better
represent fetal size in actual practice due to its higher
reproducibility, as indicated by low inter-observer varia-
tions in this report.

In conclusion, a nomogram of fetal splenic circumfer-
ence from 14 to 40 weeks is established. This may be
helpful in the assessment for some fetal conditions asso-
ciated with spleen size, especially when fetal anemia
suspected. However, the effectiveness of this tool remains
to be tested by further studies.

Acknowledgments The authors wish to thank the Thailand
Research Fund (TRF) and the Commission on Higher Education
(CHE) of Thailand, as a part of TRF Senior Research Scholar 2007
for financially supporting the conduct of this research (Grant no.
RTAS5080011).

Conflict of interest statement None.

References

1. Oepkes D, Meerman RH, Vandenbussche FP, van Kamp IL, Kok
FG, Kanhai HH (1993) Ultrasonographic fetal spleen measure-
ments in red blood cell-alloimmunized pregnancies. Am J Obstet
Gynecol 169:121-128



Arch Gynecol Obstet

. Bahado-Singh R, Oz U, Mari G, Jones D, Paidas M, Onderoglu L
(1998) Fetal splenic size in anemia due to Rh-alloimmunization.
Obstet Gynecol 92:828-832

. Schmidt W, Yarkoni S, Jeanty P, Grannum P, Hobbins JC (1985)
Sonographic measurements of the fetal spleen: clinical implica-
tions. J Ultrasound Med 4:667—-672

. Lam YH, Ghosh A, Tang MH, Lee CP, Sin SY (1997) Second-
trimester hydrops fetalis in pregnancies affected by homozygous
alpha-thalassaemia-1. Prenat Diagn 17:267-269

. Lam YH, Tang MH, Lee CP, Tse HY (1999) Prenatal ultraso-
nographic prediction of homozygous type 1 alpha-thalassemia at
12 to 13 weeks of gestation. Am J Obstet Gynecol 180(1 Pt 1):
148-150

. Chawanpaiboon S, Titapant V, Sutantawibul A, Kanokpongsakdi
S, Kangkagate C (2005) Predicting fetal anemia by using refer-
ence centile charts for liver length, spleen perimeter and umbil-
ical vein maximum flow velocity in Thai fetuses throughout
gestation. J Obstet Gynaecol Res 31:547-551

. Lai FM, Yeo GS (1995) Reference charts of foetal biometry in
Asians. Singapore Med J 36:628-636

10.

11.

12.

13.

. Lei H, Wen SW (1998) Ultrasonographic examination of intra-

uterine growth for multiple fetal dimensions in a Chinese popu-
lation. Central-South China Fetal Growth Study Group. Am J
Obstet Gynecol 178:916-921

. Aoki S, Hata T, Kitao M (1992) Ultrasonographic assessment of

fetal and neonatal spleen. Am J Perinatol 9:361-367

Hata T, Aoki S, Takamori H, Hata K, Murao F, Kitao M (1987)
Ultrasonographic in utero identification and measurement of the
normal fetal spleen. Gynecol Obstet Invest 23:124—128

Leung WC, Oepkes D, Seaward G, Ryan G (2002) Serial
sonographic findings of four fetuses with homozygous alpha-
thalassemia-1 from 21 weeks onwards. Ultrasound Obstet Gynecol
19:56-59

Tongsong T, Wanapirak C, Srisomboon J, Piyamongkol W,
Sirichotiyakul S (1996) Antenatal sonographic features of 100
alpha-thalassemia hydrops fetalis fetuses. J Clin Ultrasound
24:73-77

Hata T, Kuno A, Dai SY, Inubashiri E, Hanaoka U, Kanenishi K
et al (2007) Three-dimensional sonographic volume measurement
of the fetal spleen. J Obstet Gynaecol Res 33:600-605

@ Springer



KARGER






Table 1. Two-by-two table shows the diagnostic indices of simple
OF in predicting alpha-thalassemia-1 and beta-thalassemia trait
among nonanemic pregnant women (HDbE trait is excluded)

Table 2. Two-by-two table shows the diagnostic indices of simple
OF in predicting alpha-thalassemia-1 and beta-thalassemia trait
among nonanemic pregnant women (HbE trait is included)

Simple OF test Carrier status Total Simple OF test Carrier status Total
normal carrier normal carrier

Negative 264 0 264 Negative 274 0 274

Positive 99 54 153 Positive 149 54 203

Total 363 54 417 Total 423 54 477

Sensitivity: 100% (54/54); specificity: 72.7% (264/363); posi-
tive predictive accuracy: 35.3% (54/153); negative predictive ac-
curacy: 100% (264/264).

Sensitivity: 100% (54/54); specificity: 64.8% (274/423); posi-
tive predictive accuracy: 26.6% (54/203); negative predictive ac-
curacy: 100% (274/274).

HbA?2 levels of 4.1-9%, carriers for beta-thalassemia
and positive test for PCR (SEA type), carriers for alpha-
thalassemia-1 were found in 28 (6.7%) and 33 (7.9%), re-
spectively. Sixty women had Hb E trait and were exclud-
ed. Fifty-four of the remaining 417 women had an abnor-
mal or positive gold standard test (7 of them were positive
for both alpha-thalassemia-1 and beta-thalassemia car-
rier).

The outcomes of pregnancies could be summarized as
follows: The average gestational age of all recruited wom-
en was 38.3 * 4.8 weeks (=SD). Most newborns (70%)
had birth weight between 2,500 and 3,500 g. Most of the
patients had vaginal delivery and cesarean section rate
was 20%.

Among the total of 54 carriers (alpha-thalassemia-1 or
beta-thalassemia, or both), all had a positive test of simple
OF screening test, giving a sensitivity of 100.0% and a
specificity of 72.7%. The diagnostic indices (sensitivity,
specificity, positive predictive value, and negative predic-
tive value) are presented in table 1.

Of 60 women with Hb E trait, 10 (16.7%) had negative
simple OF and 50 (83.3%) had positive simple OF. If Hb
E trait were included, the specificity and positive predic-
tive values were decreased to 64.8 and 26.6%, respective-
ly, as presented in table 2.

Discussion

The incidence of severe thalassemia (homozygous
beta-thalassemia, Hb Bart’s hydrops fetalis and beta-
thalassemia/HbE disease) is very common in Southeast
Asia and they need to be controlled, especially by a pre-

Simple OF for Screening Thalassemia
Trait

natal control strategy (2, 12, 13]. However, every method
of prenatal control needs effective screening and screen-
ing methods should be highly effective, simple, cheap,
and less time-consuming. MCV or standard OF is the
most commonly used for screening for both beta-thalas-
semia trait and alpha-thalassemia-1 trait (one test for
both carriers). MCV is convenient and has acceptable ac-
curacy when it is determined with an automated cell an-
alyzer, but the machine is rarely available in rural areas.
Standard OF (0.32-0.36% saline solution) is one of the
most commonly used screening tests for such a purpose
in the prevalent areas, though the techniques of the test
are widely different. The accuracy of the test in real prac-
tice is varied but it has rather high sensitivity and accept-
able specificity. However, the best technique still needs to
be sought for [2, 14, 15]. Our extensive experience at Ma-
haraj Nakorn Chiang Mai Hospital with standard quan-
titative OF (0.45% glycerin saline solution) has shown
high sensitivity in detecting beta-thalassemia and alpha-
thalassemia-1 trait [2, 10]. However, several rural areas
with high prevalence of the disease have no spectropho-
tometer required for the standard OF. Therefore, simple
OF has been developed to overcome that problem, and
now simple OF is widely used in Southeast Asia. How-
ever, its accuracy has never been tested to determine
whether it has a comparable prediction as standard OF or
not. This study shows that simple OF has as high accu-
racy as that of standard OF reported in previous study [8].
Based on our findings, simple OF has high sensitivity of
100%. This implies that a carrier of severe thalassemia
(alpha-thalassemia-1 or beta-thalassemia) could not be
missed with the use of simple OF as a screening test be-
cause all cases of the carriers will have a positive simple
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OF. This is the greatest advantage of the simple OF, per-
mitting us to recruit all of the couples at risk to undergo
prenatal diagnosis.

Like the standard or conventional OF test, the simple
OF, however, is not perfect. The specificity of simple OF
in this study is not so high and the false positivity is rath-
er high (nearly 30%). This means that there are a signifi-
cant number (about one-third) of pregnant women who
would unnecessarily be further tested with more expen-
sive tests (HbA2 levels and PCR) to confirm the diagno-
sis. However, these expensive tests can be reduced if both
of the couples are screened. The definite tests for carriers
are necessary only when both of them have a positive
screening test. If only one of the couple has a negative
screening test, both of them are not at risk of having a
child with severe thalassemia. With this approach, the
gold standard test may be needed in only 10% of the
screened population. Overall, due to its high sensitivity
with acceptable specificity, very low cost, simplicity and
rapidity of testing and availability, this test should be en-
couraged for the continuation of wide use.

Simple OF, like other OF techniques or MCV, does not
effectively screen the HbE trait. We have found that more
than 10% of pregnant women with the HbE trait had nor-

mal simple OF. Therefore, this is another limitation that
may be encountered in the use of simple OF as a screen-
ing test, and other screening tests should be added for
HDE screening if beta-thalassemia/HbE disease is also
intended to be controlled.

In conclusion, simple OF is a good method for screen-
ing the alpha-thalassemia-1 and beta-thalassemia traits
in pregnant women. It has high sensitivity and acceptable
specificity. Its accuracy is, at least, comparable with stan-
dard OF. Because of its high efficacy, along with its other
known advantages including simplicity, rapidity in test-
ing and very low cost, simple OF may be considered for
routine screening thalassemia carriers in highly preva-
lent areas.
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